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By Lewettys F. Barker, M. D., 


and Leonarp G. Rowntree, M. D. 


(From the Medical Clinic of The Johns Hopkins Hospital and the Pharmacological Laboratory of The Johns Hopkins University) 


On account of the toxic symptoms that sometimes follow 
the administration of oil of eucalyptus and allied substances, 
it would seem worth while to report the following case of 
alleged poisoning by myrtol: 


CLINICAL History 


The patient, a gentleman 42 years of age, consulted one of 
us on January 10, 1911, complaining of cough with a large 
amount of offensive sputum. The family history is negative 
for tuberculosis. The patient had pneumonia at the age of 
21, since when he has had more or less cough and sputum. 
During the past five years the cough has been worse and a con- 
siderable amount of sputum has been coughed up each morn- 
ing. Five years ago, after an acute cold with sore throat, he 
suffered from hemoptysis, coughing up half a teacupful of 
blood. Repeated examinations for tubercle bacilli were made, 
but none was found. There was no fever during the attack. In 
September, 1911, before consulting us, he had had an acute 
bronchitis accompanied by slight hemoptysis. This was fol- 
lowed by a bronchopneumonia involving the upper lobe of 
the right lung, the illness lasting over one month. Many 
examinations for tubercle bacilli were made during this period, 


always with negative results. An autogenous vaccine was 
prepared by his local physician against some microorganism 
grown from the sputum and five doses were administered. 


Note made on January 10, 1911 (Dr. Barker).—The patient now 
feels very well, though he still coughs up a considerable amount 
of sputum, especially in the morning, and this sputum is very offen- 
sive at times. The total amount raised now is about four ounces 
in the 24 hours. There is no pain and no dyspnea. The voice is 
occasionally hoarse. No night sweats. No marked digestive dis- 
turbance. Weight 227 pounds. Height 6 feet 2inches. The weight 
was 245 pounds before the attack of bronchopneumonia. 

Physical Examination.—Slight protrusio bulborum; positive 
von Graefe’s sign. Defective teeth. No struma. No glandular 
enlargements. 

Right upper chest flatter than left in front. Right mammilla 
on lower level than left. Expansion greater in left chest; right 
lung lags behind. Breath sounds slightly prolonged at right apex, 
and the percussion note is a little higher pitched there than on the 
left. No rales audible in upper lobes. Fremitus somewhat more 
marked over the right suprascapular region than over the left. 
Breath sounds distant at the right base. A distinct creaking sound 
is audible at the right base, and some distant moist rales can be 
heard there. Breath sounds and voice sounds are distant over 
right lower lobe behind. 

Heart negative. Abdomen negative. Reflexes normal. 
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X-ray Examination (Dr. F. H. Baetjer).—Stereoscopic and 
radiographic examination of the chest shows increase of fibrous 
tissue around the bronchi and the bronchial ramifications in both 
lungs. Some enlarged glands at the hilum of the left lung. Left 
lung substance clear throughout. 

A peculiar shadow is seen at the base of the right lung, obliter- 
ating the diaphragm and the base of the right lower lobe. This 
shadow is probably due to a thickened pleura and to some fibroid 
change in the lung itself. In the upper part of the right lower lobe 
the bronchial tree can be distinctly made out. There is a sugges- 
tion of a bronchiectatic cavity in the right lower lobe, but there is 
so much fibrous peribronchial change that no definite statement 
regarding it dare be made. 


Diagnosis.—Bronchiectasis; bronchitis chronica putrida; 
peribronchitis fibrosa; pleuritis chronica dextra. 

Treatment.—In addition to general measures, three minims 
of myrtol in capsules thrice daily were prescribed on account 
of the feetid bronchitis. The patient had been taking some 
oil of eucalyptus and oil of sandalwood before. These he con- 
tinued along with the myrtol. 


Further Course—January 16. The patient reports that the 
myrtol is already lessening the putrid odor of the sputum. 

February 13. The patient writes from the Pacific Coast that he 
has suffered strange and severe symptoms since taking the myrtol 
prescribed. After having taken two capsules three times a day 
for eight days “the face became discolored and large ‘ puffs’ 
came under each eye. The forehead looked as if it were going to 
break out with eczema. The left eye became nearly closed and 
the right partially closed from the swelling.” 

Fearing an attack of erysipelas he called a local physician, who, 
with the nurse, agreed that the symptoms must be due to the 
poisonous effects of the myrtol. The drug was stopped at once, 
but the swelling lasted for many days. The patient states that 
the cough increased markedly and that the heart’s action became 
more rapid, and that he was greatly depressed. He had been told 
to increase the dose of myrtol gradually until 12 capsules per day 
were taken, but the myrtol was stopped when only six capsules 
per day were ingested. He states that the discoloration of the 
skin and eruption covered the entire chest also. 

February 28. The patient writes that he and the nurse feel 
entirely convinced that the whole trouble was caused by the myrtol. 
He sends the bottle containing the unused portion of the drug 
that experiments may be undertaken with it. It was purchased 
from a druggist in Baltimore, who stated that it had come direct 
from Merck’s in New York. 

In one of the patient’s later letters, he states that he is not sure 
that the offensive odor of the breath was really decreased by the 
myrtol. He also states that while on the train going toward the 
Pacific Coast, during the last two days of the trip, he was in 
serious doubt as to whether he would reach his destination alive. 

Here we have evidently to deal with an instance of myrtol 
intoxication, probably exaggerated by the oil of eucalyptus which 
was taken at the same time. The striking phenomena observed 
in this patient, never before observed by us notwithstanding a 
considerable earlier experience in myrtol administration, led us 
to try some experiments on animals and to review the literature 
ol the subject. 

Sources OF Myrrot AND EvUCALYPTOL 

Myrtol, obtained by distillation from the leaves of Myrtus 
communis, is a mixture of a dextrorotary terpene (known as 
cineol), pinene, C,,H,,O and dipentene. The myrtol, on dis- 
tillation, comes over between 160° and 180° C. 
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Oil of eucalyptus is a volatile oil distilled from the fresh 
leaves of eucalyptus, rectified by steam distillation ; it yields, 
when assayed, 50 per cent of eucalyptol. 

(C,,H,,0) 
eucalyptus oil obtained from Eucalyptus globulus and some 


Eucalyptol is the chief constituent of the 


other species. It is an organic oxide (optically inactive) 
isomeric with cajeputol (levorotary), and with cineol (dex- 
trorotary). In the distillation of eucalyptus leaves the portion 
that comes over between 170° and 178° C. is set aside as crude 
eucalyptol. When redistilled from potassium hydroxide, pure 
eucalyptol is obtained. 

The large natural order, Myrtacee, includes many genera. 
Among them besides Eucalyptus and Myrtus may be men- 
The oils 


from these several myrtaceous species are utilized to a con- 


tioned Pimenta (allspice) and Eugenia (cloves). 


siderable extent as remedial agents. 

Eucalyptus oil, eucalyptol, and myrtol find their chief value 
in therapeutics, at present, in the treatment of catarrhal condi- 
tions of the respiratory mucous membrane; they are adminis- 
tered either internally (on sugar, or in capsule) or with steam 
in the vapor from an inhaling apparatus. They are also 
occasionally employed (1) in chronic inflammation of the 
genitourinary mucous membranes; (2) locally as an antiseptic 
dressing to ulcers; and (3) also as counterirritants in neuralgia 
and rheumatism. Eucalyptus oil and eucalyptol are usually 
administered in 5-10 minim doses and myrtol in 5-15 minim 
doses, in capsule, four to eight times a day. 

Formerly, eucalyptus oil was utilized much more extensively 
than at present. It was thought to possess considerable value 
as an antiperiodic and hence was widely used in the treatment 
of malaria. It was administered in these cases in large doses 
(usually from $ to 1 drachm) two or three hours before the 
expected paroxysm. The subcutaneous administration was 
frequently resorted to, the oil being diluted in olive oil (1 in 
tor 1 in 10). 


of various skin diseases, e. g., 


It has also been used locally in the treatment 
in eczema, prurigo, psoriasis, 
impetigo and condylomata. Recently, since Dakin’s introduc- 
tion of chloramin therapy, oil of eucalyptus has begun to be 
extensively used, and it will be interesting to observe whether 
many instances of intoxication are met with. 


ANIMAL EXPERIMENTS (Dr. ROWNTREE) 


Some experiments were made upon dogs and cats with 
myrtol and with eucalyptus oil in order to determine their 
The data relating to the myrtol experiments are 
Since the bottle of myrtol used by the patient 
was only partially emptied, the remainder was available for 


toxicity. 
first presented. 


study. It is here designated as Preparation I. Another sample 
of myrtol (Preparation II) was obtained from a local druggist. 
The drug was administered to the animals through a stomach 
tube. 

















JOHNS HOPKINS 


OcToBER, 1918] 


TABLE [.—EFFECT OF MyRTOL ON Dogs 


s > 5 s Amount administered Condition of animal 
I 99 3-11-11 le.c.of Prep. I. No abnormality noted. 
3-13-11 5¢c.c.of Prep. I. Dog did not vomit this. He 
took his food and drink 
normally. He remained 
normal. 

II 9.3 3-11-11 08¢.c.of Prep. I. This dog remained perfectly 

3-12-11 2c.c.of Prep. I. normal throughout the 
3-14-11 2c.c.of Prep. I. period of observation from 
3-15-11 2c. c. of Prep. II. March 11 to March 25. 

III 6.2 3-13-11 2c.c.of Prep. I. Vomited five minutes after 

3-14-11 0.5¢.c.of Prep. I. first administration. Re- 
mained free from vomiting 
3-16-11 2 c. c. of Prep. II. after other doses until the 
3-17-11 2 c. ce. of Prep. II. 22d. On this date the dog 
3-18-11 2c. c. of Prep. II. vomited 10 minutes after 
3-19-11 2c. c. of Prep. II. the administration. The 
3-20-11 2c. c. of Prep. IT. vomited oil was intimately 
3-21-11 2c. c. of Prep. II. mixed with meat. The 
3-22-11 2 ¢. c. of Prep. IT. dog ate this again and was 
entirely normal after it. 
No sign of a skin lesion 
developed. 
IV 5 3-15-11 0.5¢.c.of Prep. I. This dog remained absolute- 
3-16-11 0.5¢.c.of Prep. I ly normal until the 21st. 
3-17-11 0.5¢.c. of Prep. I. On this date coryza and 
3-18-11 0.5¢.c.of Prep. LI. diarrhea were _ noted. 
3-20-11 0.5¢.c. of Prep. I Dog developed a typical 
3-21-11 0.5¢.c.of Prep. I distemper and so was dis- 
carded. No skin rash. 
V 5 4- §-11 5¢.c.of Prep. I. Dog did not vomit. No ill 
effect noted. 

VI 4 4- 2-11 2 c¢.c.of Prep. II Outside of a slight loss of 
every day for a appetite no abnormal con- 
period of two dition was noted. No rash 
weeks. appeared. 


Careful examination of the skin was repeatedly made on all of 
these animals, but at no time was there noted any skin rash 
ascribable to the drug. 

In the following experiments, however, severe toxic phe- 
nomena followed subcutaneous and intraperitoneal adminis- 
tration. 

Exp. VII.—Dog. 7.3 
36, temperature 38°. 
12.24 10 ¢. c. eucalyptus oil in 30 c. c. olive oil subcutaneously. 
12.30 Has lost playfulness, will not eat meat. Marked odor to 

breath. Sits in the corner, saliva dripping from mouth. 

Pulse and respiration unchanged at 12.40. Dizzy, does not 

respond well to prodding, apparently somewhat anes- 

thetic. 
Pulse 180, respiration 36; very dizzy. 
Feces and urine passed and 
Pupils normal. 


kg. Very playful. Pulse 150, respirations 


1.20 

3.20 Staggering, lies in 2 corner. 
the dog lies in them. Pulse 180. 

Respiration 30, temperature 3 Marked collapse. Pulse 
cannot be felt, but a rate of 200 is determined by aus- 
cultating heart. Dog has been lying in her urine and 
feces; can scarcely walk. Pupils slightly larger than 
normal, and contract to light. 


5 p. m. 


Condition unchanged. 
The following morning the animal had the odor of eucalyp- 
tus on its breath, but was running about, apparently in 


7 p. m. 
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normal condition. Pulse 104, respiration 24, temperature 
37.5° C. 

Two days later: 

urine free from odor. 

Exp. VIII.—A cat (1.8 kg.) was given subcutaneously 5 c. c. of 
Preparation II in 15 c. ce. olive oil on December 8. After 10 minutes 
it seemed somewhat restless, but otherwise normal. The pulse, 
respirations and temperature remained unchanged during a period 
of observation of five hours. On December 9 the animal was 
somewhat ataxic, presenting a staggering gait. It refused to eat 
or drink. The breath smelled strongly of eucalyptus oil. The 
pupils remained normal. The urine was dark in color, showed 
a trace of albumin, but no sugar. Casts and blood were absent. 
Respiration, pulse and temperature normal. On the following day 
the animal was much better, walked without staggering, but still 
refused water and food. Urine showed a slight trace of albumin. 
On the 11th it drank milk and took its tood and was apparently 
normal again. 

Exp. IX.—Eucalyptus oil in toxic doses was also administered 
to two cats. Cat I (2 kg.) was given 10 c. c. of eucalyptus oil 
in 30 c. c. of olive oil intraperitoneally at 12.30. At 12:38 it ap- 
peared unsteady on its feet and swayed from side to side when 
attempting to walk. Stringy mucus was secreted from the mouth. 
At 12.40 it huddled up in a corner and refused to move. At 12.47 
all power of motion was lost. The animal apparently was anes- 
thetized inasmuch as no response to prodding with a needle could 
be elicited. A slight clonic convulsion was seen at 12.50. This 
became more marked, following any sudden sharp noise, e. g., clap- 
ping of hands. Respiration normal, pulse 112. Temperature 37° 
(normal, taken before giving oil, 38.5° C.). The pupils remained 
normal. Animal comatose. Death at 2.30 p. m. 

Exp. X.—Cat II. (1.8 kg.) 10 c. c. eucalyptus oil at 1 p. m., sub- 
cutaneously. The animal appeared dizzy at 3 p. m., staggering on 
attempting to walk. At 8 p. m. this was more marked. The fol- 
lowing morning the animal was found in a semi-comatose con- 
dition. Convulsions occurred at intervals. Temperature was 
low, 29° C., by rectum. Pulse 92, respirations 14. Urine high- 
colored and scanty, containing blood and albumin, but no casts. 
The odor of eucalyptus on breath was very marked. Chlorobutanol 
gm. 1.0 was administered, followed by death in the course of an 


odor still present in breath. Feces and 


Dog normal. 


hour. 

Bruning has determined the toxicity of eucalyptus for 
animals and finds that, in the frog, 0.5 c. c. per kilo caused only tem- 
porary paralysis, in toads 1 c.c. per kilo did not kill constantly, 
in fish a solution of 1:10000 was tolerated, in chickens 0.3 c. c., in 


oil 


rabbits 1 to 5 c.c. and in guinea-pigs 1 c. c. per kilo was not fatal. 

He states that small doses are dangerous to children and advises 

against its employment in the treatment of ascaris lumbricoides. 
REVIEW OF LITERATURE 

In looking over the literature nothing seems to be recorded 
regarding the toxicity of myrtol, but with eucalyptus oil we 
find that cases of poisoning have not been uncommon. The 
cases reported may be divided into two classes: 

I. Cases in which overdoses have been taken accidentally 
or through ignorance, following which grave symptoms of 
intoxication have been present ; some of the patients recovered 
more or less gradually ; some died. 

II. Cases in which the patient has responded in an unex- 
pected and unaccountable way to minute or therapeutic 
amounts of eucalyptus preparations. 

Case I. Beginning with cases of the first class: Wood (1879) 
reported a case of poisoning with belladonna and eucalyptus. A 
man, aged 48, received % ounce of belladonna root together with 
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3 drachms of eucalyptus oil. Six hours later, when first seen, he 
was unconscious, with widely dilated pupils which did not respond 
to light. Pulse 110, full and strong; respirations rapid. Spas- 
modic twitchings of the extremities. After the stomach had been 
emptied with a tube, the patient was stimulated electrically and 
on partial revival was made to move about and to walk between 
assistants for a period of five hours. At the end of this ti:ae he 
was still in a dazed condition and was hyperesthetic over the 
whole skin. Strong coffee and milk were given and also 4 minims 
of tincture of opium. On the following day, dryness of the throat, 
thirst, and pruritus were complained of. At the same time, the 
skin of the patient showed a red blush. which lasted for two days. 
At the end of two weeks, the patient left the hospital, apparently 
in a normal condition. 


Case II.—Owen (1885) made a report of a child, 17 months old, 
who swallowed the drippings from a bottle of fluid extract of 
eucalyptus. Within a half hour it became drowsy and lost all 
power in the limbs. The child was pale, its head and extremities 
were cold, the pupils were contracted, the conjunctive were insensi- 
tive, the pulse was imperveptible, and the respirations were short 
and spasmodic. The child could be aroused. Following a soap 
and lime water emetic, it vomited three times. Whiskey, warm 
milk and lime water were administered; the child was put to bed 
and artificial heat was applied. Two and a half hours later, the 
pulse was feeble and small, but the patient was less drowsy. Cas- 
tor oil was then administered. The temperature rose, and 36 
hours after the ingestion of the eucalyptus had reached 102° F.; 
the respirations were 60 tothe minute. A slight cough and rhonchi 
were noted. Five days later the child had fully recovered. 


Case III.—Sheaf (1888) reported that a man 25 years old de- 
veloped vertigo one and one-quarter hours after taking 5 drachms 
of eucalyptus oil. The patient talked loudly, and exhibited in- 
voluntary twitchings of the fingers. He did not vomit. He 
was conscious two hours later, but the pulse was weak and rapid. 
Emetics were used and caffeine and sodium salicylate adminis- 
tered. The patient recovered completely. 


Case IV.—Wood (1888) cited a case of Gimbert’s: An old man 
took 80 minims of eucalyptus oil. The power of motion almost 
disappeared and the patient affirmed that he had lost, for the time 
being, all sense of the presence of his limbs, so that he was un- 
conscious of them when he shut his eyes. His intellect was per- 
fectly clear throughout. 


Case V.—Wood also stated that Binz had described a similar 
condition after 75 minims had been taken. 


Case VI.—Neal (1893) reported that a healthy boy, 10 years 
old, took some eucalyptus (44 drachm of blue gum) for prophy- 
lactic reasons just before going to bed. In a few moments he was 
gasping for breath. He vomited and felt much better. Dyspnea 
became marked, however, one hour later, but no convulsions or 
diarrhcea were noted. The lips and gums were colorless, the chest 
and neck rigid, and the pulse feeble and rapid. He complained 
of pain in the right chest, which was relieved by poultices. The 
intellect remained clear until one hour before death. 

At the autopsy, the stomach was found to be much distended with 
gas, the gastric mucosa being white, thickened, and puckered. 
There was a quart of fluid in the pleural cavities; the lungs were 
collapsed, firm and bloodless. The right heart contained frothy 
liquid blood. 


Cases VII anp VIII.—Neal quoted Martindale as having given 
80 minims of eucalyptus oil in two and one-half hours. He also 
mentioned a case in which Croker of Geeling had asserted that a 
man’s death was accelerated by a dose of 1 ounce of eucalyptus. 


Case IX.—Lewin (1897) stated that a boy, 16 years old, after 
15 c.c. of the oil, vomited and went into a state of collapse. 
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Dyspnea and air hunger were noted. The boy died within 15 
hours, and at autopsy blood was found in the pleural cavities. 


Case X.—Manquat (1898) speaks of Siegen’s case in which the 
ingestion of 3.5 c.c. of the oil of eucalyptus was followed by 
headache, drunkenness, stupor, somnolence, weakened reflexes, 
enfeebled respiration, lowered blood-pressure, decreased tempera- 
ture, and eventually by paralysis of respiration. 


Cases XI anp XII.—Kunkel (1899) describes two cases: 

(1) A child, three years old, took a small spoonful of eucalyp- 
tus oil. He estimated that the amount was about 8 c.c. Vom- 
iting was followed by speedy recovery. 

(2) A boy, 10 years old, took 15 c.c. of eucalyptus oil and 
died in collapse 15 hours later. 

Case XIII.—Thomas (1899) reports the poisoning of a baby 
boy, 4 weeks old, with 1 drachm of eucalyptus oil. When seen the 
patient was comatose; harsh breathing and the odor of the drug 
on the breath were noted. Ipecac was given and repeated in half 
an hour. Stimulants were of no avail. Death occurred four hours 
after the administration of the oil. There was no emesis. 


Case XIV.— Wood (1900) reported that a child three years old 
grew violently sick within two hours after taking 2 or 3 drachms 


of the oil. Drowsiness, stupor and collapse developed, along with 
pin-point pupils. The symptoms lasted 10 hours, but the patient 
recovered. Except for the absence of stertorous breathing, the 


condition was described as identical with that encountered in 
opium poisoning. 

Case XV.—Taylor (1905) stated that a man, 25 years old, took 
1 drachm of eucalyptus, and within a few minutes had pain along 
the esophagus and in the gastric region. After a time, he became 
dazed and suffered from a feeling of impending suffocation. He 
was at first very restless, but later became semicomatose. The 
pupils were slightly contracted. 

Emetics and stimulants were successfully employed, and the 
following morning the patient was apparently well. 


CasEes XVI anp XVII.—Benham (1905) reported two cases: 

(1) A man, 41 years of age, became comatose after swallowing 
1 drachm of the oil. Emetics were successful; the man was en- 
tirely well in a few hours. 

(2) A young man showed similar symptoms after 1 drachm of 
the oil. Emetics were employed and the patient recovered. 


Case XVIII.—Smith (1906) investigated a case of poisoning 
by half a wine-glassful of eucalyptus oil. The particulars con- 
cerning the patient are net given, but the oil was a “ cineol 
eucalyptus oil” and a good preparation of the kind. 


Case XIX.—Orr (1906) stated that a boy, two years and nine 
months old, took 2 drachms of the oil and was seen 15 minutes 
later. He was in collapse, unconscious, had a very rapid pulse, 
and his breathing was stertorous. The pupils were contracted to 
pin-points. He vomited early and was purged. Zinc sulphate 
was given and was followed by emesis. Whiskey and coffee were 
then given. One hour later consciousness had returned and the 
patient was well. 

Casge XX.—Benjamin (1906) records the case of a boy, eight 
years of age, suffering from intermittent fever, who was given 6 
drachms of eucalyptus oil at 5 a. m. He vomited half an hour 
later. At 7 a. m. he became unconscious; vomiting recurred 
several times before 1l a.m. At this time he was found in partial 
collapse, the pupils were contracted and the breathing labored. 
The temperature was 99.8° and the pulse 128. The abdomen was 
tympanitic. Hiccough was troublesome. 

The treatment consisted of cold applications to the head, mus- 
tard on the neck, an ammonia mixture internally, and enemata. 
At 3 p. m. the patient regained consciousness. No after-effects 
were noted. 
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Case XXI.—Myott (1906) observed a man, 34 years old, a 
heavy drinker, who took 6 drachms of eucalyptus oil. He walked 
about for two hours, then became dazed and suddenly fell un- 
conscious. Warm water was introduced into the stomach and the 
patient vomited. Four hours after ingestion of the oil, he was 
cyanotic and the breathing was labored. Frequent attempts to 
empty the bronchial tubes of a thin frothy secretion were made. 
Pulse 128, respiration 24, temperature 97°. Pupils slightly con- 
tracted. The patient was then given strychnin and oxygen. 
The expectoration became thick and blood-tinged, the fever rose 
continuously, and 40 hours after ingestion, just prior to death, the 
temperature was 103°, pulse 140, respirations 48. The autopsy 
showed bulky, heavy lungs, some gastritis and some pleuritis. 


Case XXII.—Schroeder (1908) stated that a child one and one- 
half years old exhibited evidence of delirium, coma, vomiting and 
collapse after an unknown dose of eucalyptus. Recovery was 
complete in a few hours. 


Case XXIII.—Robertson (1909) reported that a man, 55 years 
old, took 5 drachms of eucalyptus oil before retiring. He wak- 
ened during the night feeling sick, but did not vomit until several 
hours later. He was terribly prostrated, pale grey in color, and 
cold to the touch. The pulse, however, remained normal in rate 
and rhythm. The following afternoon he felt fairly well, and he 
returned to work within a few days. 


Cases XXIV anp XXV.—Kirkness (1910) reports two cases: 

(1) Man, 28, took between 2 and 3 drachms of eucalyptus oil. 
Ten minutes later, he suffered from dizziness and from marked 
dyspnea. The pupils were dilated and the pulse was weak and 
thready. The temperature sank to between 95° and 96° F. The 
patient vomited and complained of a sensation of girdle-like con- 
striction. The skin was greenish-yellow. He complained of 
drowsiness, of great coldness, and of intense frontal and occipital 
headache. Half an hour after ingestion, marked diarrhea set in 
and also frequent and painful micturition. The feces were dark 
in color and smelled of the oil. He was given emetics and stimu- 
lants, was put to bed and was surrounded with artificial heat. 
This treatment was followed in a few hours by a return of normal 
temperature and pulse. For three days, however, he looked 
chlorotic and showed an ataxic gait. The feces, urine and breath 
all smelled of the oil for a fortnight after the poisoning. Recov- 
ery was complete. 

(2) A girl of 18 years took 1 ounce of the oil. She complained 
of intense headache and vomited. She showed collapse, bodily 
and mentally. The pulse became very feeble, the temperature 
subnormal, and the pupils dilated. She also complained of a 
girdle-like constriction. She recovered. 


Case XXVI.—Allan (1910) recorded a case of a child, 20 
months old; eucalyptus oil was applied to its chest and 1 ounce 
of the oil was given by mouth. Within 20 minutes, the child 
became very sick and seemed to suffer violent pain. A few 
minutes later, it became semi-comatose and vomited. The pulse 
was feeble and intermittent, the temperature subnormal; the 
patient collapsed. Stimulants and artificial heat were employed 
and two days later the child was reported as well. 


Case XXVII.—Jolly (1910) describes a patient, admitted to the 
hospital for anemia and dyspepsia, who was found to be suffer- 
ing from ankylostomiasis. Magnesium sulphate was given at night, 
followed next morning by eucalyptus oil min. xxx, chloroform 
45 min. and castor oil 10 ounces in two doses. Two hours later 
the patient was weak and giddy, and an hour later in collapse. 
Langour, giddiness, dyspnea, general pains (most severe in the 
head, abdomen and urethra) were complained of. The respiration 
became shallow and labored, the pulse weak and irregular, the 
blood-pressure low, and the pupils dilated. The breath and skin 
smelled of eucalyptus. Vomiting did not occur; no urine or 
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feces passed. Following the application of a mustard plaster 
over the heart and the administration of strychnine, atropine, 
artificial heat and enemata, recovery occurred. 


Case XXVIII.—Foggie (1911) reported the case of a boy six 
years of age, who took 1 drachm of the oil. Four hours later 
nausea and vomiting occurred, the patient passing into a serious 
condition of coma and collapse. The case was treated as though 
it were one of opium poisoning and the recovery was complete. 


Case XXIX.—In 1914, \Winterbotham reported a case of poison- 
ing by oil of eucalyptus. The patient, a man 30 years old, took a 
teaspoonful of “the best eucalyptus extract” at 7 a. m. and 
another at 10 a. m. He noticed no effect until after luncheon, 
when (at 1.15 p. m.) he became very pale, began to sweat pro- 
fusely, and became unable to walk without assistance. He felt 
drowsy, and retched a little. There was no vomiting and no 
headache. Winterbotham saw him at 3.30 p. m., and could detect 
the odor of eucalyptus on his breath. The gait was unsteady. 
Now and then, his talk was nonsensicai. The articulation was 
impaired. The pulse, though weak, was not accelerated. Alco- 
holic intoxication was ruled out. At 4 p. m., the patient went to 
sleep and slept heavily until the next morning when he awoke 
feeling perfectly well. 

Thus, in the above 29 cases, found in the literature, seven 
ended fatally ; all of the other patients appear to have recovered 
completely within a few days. 

Only five cases of the second class of cases could be found ; 
that is, of instances in which the patient responded in an 
unexpected and unaccountable manner to minute or therapeu- 
tic doses. These cases are particularly interesting in relation 
to the one we report. 


Cases XXX anp XXXI.—Galewsky (1905) reported two cases 
in which a skin disease developed as the result of the patient 
coming in contact with branches of the eucalyptus tree. He 
asserted that dermatitis not infrequently results after rubbing 
eucalyptus oil into the skin and he cited one instance in which 
an acute papular dermatitis followed its use. 

Galewsky states that he was consulted by a woman suffering 
from erythematous urticaria. She presented large and small 
urticarial lesions and the intervening areas showed erythematous 
spots. The itching was intense and the disease was of long dura- 
tion. The exposed cutaneous surfaces were particularly involved, 
but the neck and breast also, though to a less degree. She asserted 
that this rash would entirely disappear when she was away from 
home for a considerable length of time, but always reappeared on 
her return. She stated also that the itching was always more 
severe when she remained for any length of time in one particular 
room. Galewsky visited her home and in the above-mentioned 
room he found branches of the eucalyptus used ag an ornament. 
Thinking that this might possibly be the etiological factor, he 
ordered it removed. The housemaid scoffed at this idea and to 
prove the harmlessness of the eucalyptus, moistened some of these 
leaves and rubbed them on her own skin. At the end of half an 
hour she exhibited lesions identical with those complained of by 
her mistress. The eucalyptus was removed and subsequently 
both patients fully recovered, the rash never reappearing. 


Case XXXII.—Davies (1906) stated that his son fainted on 
inhaling the vapor of eucalyptus and that on another occasion he 
had to leave a chapel during service on account of a threatened 
fainting spell brought on by the odor of eucalyptus, the leaves being 
used in the way of decoration. This peculiarity is stated to be 
inherited from the mother who also faints on smelling eucalyptus. 


Case XXXIII.—Hans Vorner (1907) reported an experience 
with eucalyptus which proves conclusively that in certain persons 
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it can produce skin lesions. In August, 1906, a patient entered 
the skin clinic and stated that for two days he had been taking 
20 drops of eucalyptus oil and that, after doing so, he had devel- 
oped a skin rash which itched and burned. He ascribed this to 
the eucalyptus. On examination, it was found that wheals were 
present over the entire cutaneous surface. They were chiefly 
discrete, but in places were confluent. The single lesions varied 
from 2 mm. to 2 cm. in diameter, while the confluent lesions were 
in some areas as large as one’s hand. They were of a livid red 
color, the center sometimes slightly blue, and the edges a more 
intense red. The oil was stopped and the rash promptly disap- 
peared. In order to test the assertion of the patient, the oil was 
administered again 10 days later, whereupon an identical rash 
appeared within 24 hours. 

Six weeks later the rash reappeared without any oil having 
been administered. The patient complained, however, of a cold 
in the head, of headache, and of an intense taste of eucalyptus oil. 
Identical attacks recurred in November and again in December. 
For two or three months he remained free, but similar attacks 
occurred again in March and again in April, but the taste of oil was 
not present in these last two attacks. 

During the various attacks the back of the head, the back, 
abdomen, right breast, arm, thigh and legs were all involved, the 
hands and feet escaping altogether except for a lesion on one 
thumb during one of the attacks. 

Case XXXIV.—Oppenheim (1912) reported that a tailor, 36 
years of age, complained of skin lesions developing as the result 
of taking cough lozenges (“ Huste nicht”). The backs of the 
hands, palms, fingers, wrists, and dorsa of the feet showed an 
eruption, consisting of pea-sized, bright red, cherry-red and 
brownish-red papules and nodules. These were mostly circum- 
scribed, but were confluent on the fingers and toes, and on the 
palms and soles of the feet. The color did not disappear on pres- 
sure with the glass slide. Hamorrhages appeared here and there. 
There was no desquamation: The mucous membranes were not 
involved. Slight itching was associated with the eruption. The 
color changed later to brown. The rash was preceded by anorexia, 
insomnia, malaise and fatigue, those symptoms appearing two 
hours after the last tablet was taken. 


DIscUssION 

From the preceding analysis, at least two different syn- 
dromes emerge as evidences of intoxication with derivatives of 
myrtaceous plants (eucalyptus oil, myrtol, cineol, etc.), and 
we shall venture to designate them respectively as (1) a 
myrtogenic neuropathy and (2) a myrtogenic dermatopathy, 
though without prejudice as to whether the terpenes in the 
oils are the toxic agents or some chemical substance that 
accompanies them. The dermatopathy may in some of the 
cases be a special instance of the neuropathy, through the 
mediation of the autonomic nerves innervating the blood vessels 
of the skin, though a true dermatitis seems certainly to have 
been present in other cases. 

(1) The Myrtogenic Neuropathy.—In the cases discovered 
in the literature, the first 29 grouped as Class I (vide supra) 
appear to belong to this category. In a few minutes, or a few 
hours, after the ingestion of a considerable quantity of the 
myrtaceous derivatives mentioned, the patients became seri- 
ously ill. They were pale, dyspneic, and restless and 
complained of headache, dizziness, twitchings, and of pains 
(in the chest or limbs). At first, the intellect was sometimes 


clear, but, in many instances, the patients soon became drowsy 
and complained of feeling dazed and of a loss of knowledge of 
the whereabouts of their extremities. On attempting to walk, 
they staggered about and sometimes fell. Some patients 
stated that they felt a girdle-sensation (constriction). In 
the severer intoxications, they were delirious or suffered from 
convulsive seizures, and some became comatose, with pro- 
nounced symptoms of collapse (tachycardia, arterial hypoten- 
sion, pallor and slight cyanosis, cold extremities, diminished 
reflexes, hypothermia). Vomiting and diarrhcea were common 
accompaniments of the intoxication. It is fortunate when these 
symptoms occur, and if vomiting does not occur spontaneously, 
it should be induced, or the stomach should be washed out to 
prevent further absorption of the poisonous substance. 

The behavior of the pupils has been variable; in most cases, 
there was extreme myosis; in some instances, outspoken 
mydriasis was observed. It seems likely that the myosis 
indicates an irritation of the midbrain autonomic system, 
the mydriasis a paralyis of the same. In the domain of the 
pelvic division of the cranio-sacral autonomic system, the 
patients sometimes complained of pollakiuria and of dysuria. 

The pleural effusion reported in two of the cases deserves 
especial mention; in Neal’s case, a quart of fluid was found 
in the pleural cavities; in Lewin’s case, a bloody effusion was 
observed. Whether these pleural phenomena were accidental 
accompaniments, or were actually due to the intoxication, must 
be left to later studies to decide. 

Several observers have been struck with the resemblance to 
poisoning by opium, but they emphasize the absence of the 
stertorous breathing that accompanies that intoxication. 

(2) The Myrtogenic Dermatopathy.—In four cases in the 
literature, and in the case we report ourselves, remarkable 
cutaneous manifestations followed the ingestion of myrtaceous 
derivatives. In our own case, the skin lesions were associated 
with marked nervous symptoms (great depression ; symptoms 
of collapse). 

The lesions in the skin vary in their nature. Sometimes 
merely (1) erythematous; sometimes they are (2) urticarial 
in type; and sometimes there is (3) an outspoken dermatitis. 


CONCLUSIONS 

(1) Derivatives of plants belonging to the natural order 
Myrtacee, and especially oil of eucalyptus and myrtol, may 
in large doses cause profound intoxication. In certain persons, 
there is an idiosyncrasy, the symptoms of intoxication occur- 
ring after minute or therapeutic doses. 

(2) The intoxication may affect chiefly the nervous system 
(myrtogenic neuropathy) or chiefly the skin (myrtogenic 
dermatopathy); in some persons, nervous and cutaneous 
may ifestations are simultaneously observable. 

(3) Recovery occurs in most instances, though several fatal- 
ities following eucalyptus poisoning have been reported. 

(4) The symptoms of intoxication of the nervous system 
observed in man can be reproduced in animals by subcuta- 
neous and by intraperitoneal administration of myrtol. 
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AND DAKIN’S OIL IN THE NORMAL 


PERITONEAL CAVITY OF THE DOG 
By Ernest G. Grey, M. D. 


(From the Surgical Division of the Hunterian Laboratory of The Johns Hopkins University) 


The following observations are reported in order to draw 
attention to the fact that the indiscriminate use of the chlorin 
antiseptics is not entirely devoid of danger. It must be em- 
phasized, however, that in presenting them no criticism is sug- 
gested regarding the Carrel-Dakin method of wound treatment 
or the use of Dakin’s oil, inasmuch as clinical experience 
abroad, in The Johns Hopkins Hospital and in certain other 
institutions in this country, has shown the importance of these 
antiseptics in combating infections. 

The remarkable results from the use of the normal solution 
of chlorinated soda reported by Carrel,’ and from the use of 
the dichloramine-T oil reported by Lee and Furniss’* sug- 
gested these agents in certain infections of the pleural and 
peritoneal cavities. Sufficient time has elapsed now since the 
introduction of the chlorin antiseptics in the treatment of 
empyema to justify the conclusion that both agents may be 
used with safety in an infected pleural cavity. The evidence 
at present, however, regarding the reaction of the infected 
peritoneum to Dakin’s solution and to dichloramine-T oil, 
is much less definite. 

The question as to whether a particular germicide should 
be used in infections of the serous cavities, of course, may be 


*Carrel, Dakin, Daufresne, Dehelly et Dumas: Traitement 
abortif de l’infection des plaies, La Presse méd., 1915, XXIII, 397. 

* Lee, W. E., and Furniss, W. P.; The Use of Dichloramine-T in 
the Treatment of Infections and Infected Wounds, Ann. Surg., 
1918, LXVIII, 14. 





settled more or less satisfactorily either by observing the 
effects resulting from the use of the antiseptic in selected clini- 
cal cases or by studying the reaction of animals injected with it 
under varying conditions. The latter method has the disad- 
vantage that it is difficult, in fact often impossible, to reproduce 
the same pathological process in animals. This means that 
the conclusions drawn from animal experiments must be used 
with a considerable amount of reservation when they are ap- 
plied to clinical work. Laboratory experiments, nevertheless, 
may be of great service in working out problems of this nature, 
since it is only by experimenting with animals that we may 
determine how the normal serous membranes will react to a 
given chemical agent. 

With this idea in mind certain problems were studied in 
the laboratory shortly after the introduction of the Carrel- 
Dakin method of wound treatment into this hospital, and again 
later when the dichloramine-T oil technique was adopted for 
suitable cases. The excellent results obtained with the chlorin 
antiseptics suggested to Dr. Halsted several possible uses for 
them in appropriate cases of intra-abdominal infections. In 
the following paragraphs a brief review of the experiments will 
be outlined. 

Dogs apparently in good health were used throughout the 
work. The solutions of chlorazene were obtained by dissolving 
the commercial tablets (Abbott) in sterile water. The hypo- 
chlorite solution (Dakin’s solution) came from the hospital 
In all 


pharmacy. A fresh preparation was made each day. 








of the experiments with Dakin’s oil a 5 per cent solution of 
dichloramine-T in chlorinated paraffin oil (chlorcosane) was 
used. 

In the first series a solution of chlorazene was injected into 
the peritoneal cavity with a Record syringe. One animal 
weighing 17 pounds received 30 c. c. of a .5 per cent solution. 
Forty-eight hours later the dog was active and ate well. When 
the abdomen was opened, however, about one and a half ounces 
of grayish-colored, free fluid were discovered. There was a 
moderate and general congestion of the peritoneal surfaces 
with a rather marked deposit of fibrin on the viscera in the part 
of the cavity which was nearest to the point of injection. 

Another dog (weight 214 lbs.) received 20 c.c. of a 1 per 
Eleven days later it died and at necropsy the 
Fibrin was present in 


cent solution. 
abdomen was found to be full of fluid. 
large amounts. Throughout the four quadrants, but particu- 
larly in the upper two, loops of bowel were glued together by 
the exudate. Both the parietal and the visceral peritoneal 
surface were greatly altered in appearance. 

The results in another dog (weight 56 lbs.) may be men- 
In this case 90 c.c. of a 1 per 
Six days later the abdomen was 
About 250 e. ¢. 


tioned. cent solution were 


injected intraperitoneally. 
opened under aseptic precautions. of cloudy, 
blood-stained, free fluid were found. A considerable amount 
of fibrin was present, and the peritoneal surfaces were thick- 
ened and deep red in color. 

Practically all of the fluid was removed and the wound 
closed. The animal made a rapid recovery and 16 days later 
when the viscera were again inspected almost nothing was 
found to supply evidence of the former inflammatory changes. 
The dog undoubtedly would have died had the fluid not been 
removed, as clinically it showed a progressive loss of appetite 
and strength up to the time of the first exploratory operation. 

In the second series Dakin’s solution was used. No animal 
succumbed to the effects of the fluid injected in amounts less 
than 30 ¢c.c. One dog (weight 154 lbs.) received 30 c. c. intra- 
peritoneally, and at the end of the following week it was 
active and had a good appetite. An exploratory incision, 
made eight days after the injection, revealed only a few cubic 
There was still a slight congestion 
of the visceral peritoneal surfaces. A few traces of old fibrin 
The picture at this time was 


centimeters of free fluid. 


were evident at certain points. 
not far from the normal; it indicated, nevertheless, that there 
had been a marked reaction to the injection. The cause of 
death remained obscure. 

Into another dog (weight 18 lbs.) 90 c. c. were injected in- 
traperitoneally. Fluid rapidly accumulated and death oc- 
curred on the eighth day. ‘The pathological picture was 
similar to that noted in some of the fatal cases described above. 
Larger amounts of the neutral solution of chlorinated soda 
led to a more rapid exitus with extensive peritoneal changes. 

A striking feature of an injection performed without anes- 
thesia was the evidence of severe abdominal pain. A few cubic 
centimeters of the fiuid sufficed to cause marked abdominal 
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rigidity, extensor spasms of the leg muscles, involuntary 
defecation and urination, and extreme restlessness. 

Approximately similar results from the injection of Dakin’s 
solution into the normal peritoneal cavity have been reported 
recently by Mann and Crumley.” 

In a third series of animals an attempt was made to deter- 
mine how the normal gall-bladder and common bile-duct would 
react to an injection of Dakin’s solution. One experiment 
consisted of exposing the gall-bladder under aseptic pre- 
cautions and aspirating all of the bile with a Record syringe. 
Through the same needle-hole the bladder was then distended 
with Dakin’s solution (60 c.c. were used) after which the 
puncture wound was closed with fine silk stitches. This animal 
was in excellent condition several days later. An exploratory 
incision made 4 days after the operation disclosed no evidence 
of peritoneal reaction. 

In a number of other dogs a fistula was established between 
the gall-bladder and the skin by transplanting a piece of 
em. in length) with its blood 


io 


jejunum (measuring about 7 
supply intact, in such a way that one end opened into the gall- 
bladder and the other upon the surface of the abdomen. After 
the wounds had healed Dakin’s solution was injected into the 
gall-bladder through the intestinal lumen. No deleterious 
effects were ever noted subsequent to such injections. 

A fourth series of experiments was carried out more recently 
with Dakin’s oil. One dog (weight 22 lbs.) received 11 c.c. 
intraperitoneally. There was an immediate reaction to the 
oil. The animal became restless and when placed on the floor 
a marked, cat-like arching of the spine was noted together with 
an extensor rigidity of the hind legs. About half an hour 
later it vomited and gave evidence of much abdominal discom- 
fort. The animal died 26 days after the injection, greatly 
emaciated. Following the introduction of the oil the dog 
continued to remain quite ill. There was marked weakness 
together with anorexia and some vomiting. At autopsy no 
signs of an active inflammatory process were evident, but there 
was ample evidence that a very extensive process of this nature 
had existed in the near past. The loops of intestine were 
inextricably matted together, and in the vicinity of the site of 
the injection there was an indurated mass which suggested 
an old inspissated abscess. 

Into the peritoneal cavity of another dog (weight 204 lbs.) 
20 c.c. of the oil were injected. The animal died during the 
following night and when the abdomen was opened a typical 
picture of extensive peritonitis appeared. Besides the free 
fluid, the fibrin and the congestion of the peritoneum, there 
was a perforation with ragged necrotic edges on the anterior 
surface of the stomach. Most of the oil injected had come in 
contact with this region first. 

In order to ascertain the effects of the oil upon the gall- 
bladder and common duct all of the bile was aspirated from 
the bladder and a corresponding quantity (16 c. c.) of 


*Mann, F. C., and Crumley, W. G.: Neutral Solution of 
Chlorinated Soda (Dakin’s solution) in the Normal Peritoneal 
Cavity, Jour. Amer. Med. Assoc., 1918, LXX, 840. 
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the dichloramine-T’ was then injected into it. The needle- 
hole was closed with fine silk stitches. Two days later the 
dog appeared to be normal in every way. The animal was 
sacrificed on the 43d day and on examination gave no evidence 
of an old peritonitis. Both the common duct and the duodenal 
mucosa were natural in appearance. The gall-bladder, how- 
ever, was shrunken and contained some thick, yellowish mucus. 

In the concluding experiments Dakin’s oil was injected into 
the right pleural cavity. One dog (weight 45 lbs.) received 
16 c. c. No anesthesia was used. There was an immediate 
and marked reaction—restlessness, evacuations of the bladder 
and rectum, muscular spasm of the abdomen, and a certain 
degree of extensor rigidity of the legs. The animal was placed 
on its feet after the injection but soon felt to the floor. It 
died with symptoms of respiratory failure 2} minutes after 
the first few cubic centimeters of oil had been injected. When 
the thorax was opened, several large, dry, whitish areas on the 
pleura were found, which suggested in a way superficial silver 
nitrate burns. The oil lay at the bottom of the cavity. The 
clinical course here strongly reminded one of the pleural reflex 
deaths described particularly by French writers. 

Ten cubic centimeters of the oil were injected into the 
pleural cavity of another dog of about the same weight. In 
this instance the animal was anesthetized. No unusual symp- 
toms marked the convalescence, and the animal remained 
apparently in good health. 


CONCLUSIONS. 

Both the neutral solution of chlorinated soda (Dakin’s 
solution) and dichloramine-T in chiorinated paraffin (Dakin’s 
oil), when injected into the normal peritoneal cavity of a dog, 
lead to an inflammatory reaction, the degree of which is 
directly proportional to the amount of chlorin antiseptic used. 
With a sufficient quantity (less of the oil suffices) death ensues. 

When either of the chlorin antiseptics is injected into the 
gall-bladder of a dog no abnormal symptoms appear. Follow- 
ing the injection of the oil, however, the gall-bladder becomes 
thickened and shrunken, though the remainder of the biliary 
tract shows no discernible changes. 

A small amount of Dakin’s oil, when injected into the 
normal pleural cavity of an unanesthetized dog, may lead to 
a rapid (reflex?) death. 

Since Dakin’s oil, particularly, has been used without recog- 
nizable ill effects in certain infections of the abdominal 
cavity, the results from the experiments outlined above sug- 
gest that the wall of an abscess cavity or sinus must play an 
important part in protecting the peritoneum in general from 
the effects of the free chlorin. They also suggest that the 
maintenance of an adequate drainage tract is an indispensable 
part of the technique for using antiseptics of this nature within 
the abdomen. Until more evidence is at hand, then, both of 
the chlorin antiseptics should be used in intra-abdominal in- 
fections with caution and certainly only in carefully selected 


cases, 


MULTIPLE PRIMARY MALIGNANT TUMORS 


WITH REPORT OF A CASE OF CARCINOMA AND SARCOMA IN THE SAME 
INDIVIDUAL 


By Ratepn H. Magor 


(From the Department of Pathology, University of Kansas School of Medicine, Rosedale, Kansas) 


The presence of multiple tumors in the same individual has 
been for many years a subject of much interest. It was early 
noted and subsequently emphasized that with certain kinds of 
tumors the tumor formation was more often multiple than 
single. Virchow (182) called attention to the presence of 
multiple fibromata of the skin and vy. Recklinghausen (137), 
with whose name this condition has been since associated, made 
extended studies of this disease. These two observers also 
noted that such multiple tumors sometimes underwent malig- 
nant degeneration and were transformed into sarcomata. 
Later, similar cases were reported by Genersich (54), de 
Morgan and Coupland (115), Westphalen (191), and others. 
Another well-known type of multiple tumors is that of multiple 
lipomata which have been studied especially by Meerbeck 
(110), Blaschko (21), Petren (128), Weil (192), and Lyon 
(105). In addition to these examples it has been noted that 
certain other benign tumors such as angiomata may be often 
multiple, and a patient may have angioma of the liver, 
adrenals, ovaries and uterus, as in a case reported by Payne 
(125). 


The presence of multiple malignant tumors is, however, 
comparatively uncommon and the following case is reported 
as an example of this interesting condition. 

Mrs. H. G. age 60 years was admitted to the Bell M.-norial 
Hospital April 19, 1915 suffering with a tumor on the face. 
This growth, which involved the right side of the nose and 
extended to the inner canthus of the right eye, had been present 
for several years and was growing slowly (Fig. 1). The 
clinical diagnosis of rodent uleer was made and X-ray treat- 
ments of the growth instituted. While in the hospital the 
patient complained a great deal of headache, had little appetite 
and at times talked irrationally. Death occurred rather un- 
expectedly on May 22, 1917, and the autopsy was performed 
two hours later. 

The autopsy showed a marked bronchopneumonia of both 
lungs, a generalized arteriosclerosis and extensive scarring of 
both kidneys. The most interesting findings were those in the 
stomach. The wall of the stomach was markedly thickened 
throughout, had a whitish semi-translucent appearance and cut 
easily. At the cardia of the stomach there was a large polypoid 
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growth which showed some areas of ulceration on the surface. 
This mass also had ulcerated through the wall of the stomach 
in one place, forming a sinus which passed by the spleen and 
through the diaphragm to the base of the left lung where it 
was closed by dense adhesions. No metastases were noted. 

The microscopic examination of the tumor in the stomach 
shows it to consist of masses of round cells, presenting no 
especial arrangement and showing a small number of con- 
nective-tissue fibrils (Fig. 2). Microscopie sections of the 
tumor of the face show it to be composed of large atypical 
epithelial cells arranged in nests and strands. In some areas 
there are epithelial pearls present and evidence of infiltration 
downward (Fig. 3). 

The gross and microscopic evidence in this case shows that 
we are dealing with an example of two quite different types 
of malignant tumors in the same individual—a carcinoma of 
the face and a round-celled sarcoma of the stomach. 

The presence of two primary malignant growths in the same 
person was at one time considered extremely rare, Orth stating 
in 1895 (123) that he had never seen a carcinoma and a 
sarcoma in the same individual. In 1896 Walter (184) col- 
lected six cases in each of which the two tumors were of 
different types. Wells (190) in.1901 collected 17 cases of 
multiple primary tumors and three cases of tumors composed 
of transformed epithelium and mesoderm in the same organ, 
the so-called carcinoma sarcomatodes. Wooley (195) in 1903 
collected 26 examples of multiple primary carcinomata, five 
of multiple primary sarcomata and four cases of multiple 
malignant growths of more than one type. Theilhaber and 
Edelberg (173) in 1912 made a very extensive study of multi- 
ple primary carcinomata, collecting 44 examples of multiple 
carcinomata in the same system of organs and 41 cases of 
multiple carcinomata in various organs. Bartlett (9) in 1914 
in an excellent article on the subject states that he has reviewed 
95 cases of multiple primary tumors. All of these observers, 
however, have emphasized the comparative rarity of the condi- 
tion, although statistics upon this point show some variation. 
Reichmann (139) in 711 necropsies found two examples, Red- 
lich (138) in 507 cases saw two, Goetting (56) in 1000 post- 
mortems found only two instances. 

Some observers, notably Walter (184), Wooley (195), and 
Adami (3), attach much importance to the occurrence of 
multiple primary tumors as shedding some possible light upon 
the etiology and distribution of malignant tumors, whereas 
other investigators, notably Wells (190), considered them more 
in the light of a coincidence. In order to assist in the under- 
standing of this interesting problem, a collection of cases has 
been made and the various facts as to the location, number, 
and nature of the tumors considered. 

In all 628 examples of multiple primary tumors have been 
reviewed. The greatest number of these cases, 389, were 
examples of multiple carcinomata in the skin, in the same 
organ or in each of a pair of organs. This group of tumors has 
been thoroughly studied by Theilhaber and Edelberg (173) 
and as their tables are so comprehensive no attempt has been 


made to add to their collection. 
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Tabulations of carcinomata in different organs but belong- 
ing to the same system show 43 examples, while carcinomata 
in various organs not members of the same system of organs 
were present in 53 instances. In all then 485 instances of 
multiple primary carcinomata were collected. 

The number of instances in which examples of different 
types of tumors were found in the same person was much 
smaller. One hundred and twenty-three such cases were noted, 
in 66 of which the tumors were in the same organ, in nine 
they were in organs belonging to the same system and in 
48 cases the different tumors were located in various organs. 
In this group it is of interest to note that in over one-half of 
the cases (54 per cent) the different types of tumors were 
located in the same organ. The uterus was the most common 
seat of two tumors of different types, being represented by 22 
instances, followed by the breast and the thyroid gland, each 
showing 10 examples. 

The most common combination of different types of malig- 
nant tumors was that of carcinoma and sarcoma. Ninety-two 
instances of this combination were noted, 62 or 75 per cent 
of which were located in the same organ, seven were located 
in the same system and 23 in different organs. 

The presence of both carcinoma and sarcoma in the same 
organ has led to much discussion especially since the work of 
Virchow * who laid stress upon the carcinoma sarcomatodes, 
a tumor in which both carcinomatous and sarcomatous 
elements are present. 

Wells * until 1901 found only three undoubted instances 
of such tumors. A large number have been described since 
that time, but these figures have been greatly reduced by 
Herxheimer (70) who states that the actual number of cases 
of true carcinoma sarcomatodes reported up to 1908 was 20. 
Herxheimer pointed out that many cases reported in the litera- 
ture as instances of carcinoma sarcomatodes are really 
examples of two distinct tumors, a,carcinoma and a sarcoma 
in the same organ. Saltykow (150) in 1914 stated that there 
were 25 authentic cases reported in the literature to which 
number he added three. In our table, because of the difficulty 
of separating them, the cases of carcinoma sarcomatodes are 
included with those in which a carcinoma and a sarcoma were 
present as distinct tumors in the same organ. 

This brief summary of the cases of multiple primary tumors 
would seem to indicate rather clearly that no single explana- 
tion suffices in all cases and that although some instances may 
be explained as simple coincidences, in certain others deeper 
causes are at work. 

In the examples of multiple primary carcinomata of the 
same organ or of adjacent organs we are probably dealing with 
two factors—transmission by infection and multiple origin of 
tumors. Many cases are now on record indicating that con- 
tact may spread a carcinoma from a primary growth to an 
adjacent organ. Such tumors have been described especially 
in the skin and Borrmann (24), who has devoted much study 
to this problem, although believing that the number of cases 


* Loc. cit. 
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of transplantation carcinomata (Impfkarzinome) has been 
exaggerated, yet admits its occurrence. This group of cases, 
although many of such growths are often apparently secon- 
dary to a primary tumor, are in many instances possibly not 
ordinary true metastases, since the transference of the growth 
may conceivably be accomplished in some other manner than 
by an actual implantation of tumor cells. 

The multiple origin of carcinomata is now, since the work 
of Peterson (126) and of Hauser (67) a well-established fact. 
Both of these observers have shown that carcinomata may 
arise simultaneously from several centers of origin. While 
disagreeing as to the relative frequency of the “ unicentric” 
and “multicentric” mode of origin, both agree that the 
“ multicentric ” mode does occur. Thus a carcinoma may, like 
an abscess, arise as a single large lesion, or it may be formed by 
coalescence just as a number of small abscesses may fuse to 
form a larger lesion; or again the multiple carcinomata may 
remain discrete just as we often observe multiple small ab- 
scesses. Some of the most striking examples of the multicentric 
origin of malignant tumors are those in which a certain 
number of polypi, in cases of multiple polyposis of the stomach 
and intestine, become malignant and are transformed into 
carcinomata. Ribbert (142) has collected 30 such cases. 

The presence of different types of tumors in the same organ 
such as a carcinoma and a sarcoma, or the presence of a mixed 
type as the carcinoma sarcomatodes, while often regarded as 
a mere coincidence, has taken on an added interest and impor- 
tance since the oft-quoted -work of Ehrlich and Apolant (40). 
These two observers by repeated inoculation of a typical adeno- 
carcinoma in mice succeeded in changing it first into a mixed 
tumor, and later into a typical sarcoma. Russell (148) has 
reported an adenocarcinoma of the breast in a mouse, which 
after continuous growth in the animal gradually became 
sarcomatous and later became a pure sarcoma. This change 
of the carcinoma into a sarcoma in Russell’s case seems to be 
controlled entirely by the time element, since if the trans- 
planted carcinoma is removed early and transmitted to another 
animal, carcinoma results, whereas if the transplanted car- 
cinoma is allowed to grow until it becomes a sarcoma, all 
animals then inoculated develop a pure sarcoma. 

These experimental findings combined with clinical obser- 
vations suggest very strongly that the presence of a carcinoma 
and sarcoma in the same organ is due to some abnormal stimu- 
lus which acts upon both epithelial and mesodermal elements, 
producing either both epithelial and mesodermal tumors or 
a single tumor showing both types of cells, as in the carcinoma 
sarcomatodes. Similar influences are probably at work in such 
cases as that reported by Kidner (83) where the removal of a 
sarcoma was followed later by the appearance of a carcinoma 
at the site of the old operation. 

Our statistics show that the multiple tumors do not have a 
predilection for organs of the same system excluding paired 
organs, which is in marked contrast to their predilection for 
a single organ. We have found multiple tumors—both car- 
cinomata and tumors of different types—more common in 
organs not related by any system. The occurrence of multiple 
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tumors in various organs cannot be readily explained, but 
here again the assumption of more than a mere coincidence 
would seem to be justified in many instances. The suscepti- 
bility of individuals of certain families to malignant tumors 
such, for instance, as those related by Vander Veer (180), is an 
old clinical observation, which seems now to be placed upan 
a firm base by the brilliant breeding experiments of Slye (164). 
She has shown that mice with a cancerous ancestry have 
a marked tendency to develop spontaneous cancers, and also 
that mice with such ancestry develop carcinomata readily as 
the result of a trauma which in control animals having a non- 
cancerous ancestry produces no such results. The suggestion 
here is rather strong that individuals developing multiple 
malignant tumors have some sort of a susceptibility to tumors 
which is not limited to any one organ or region of the body. 

There must also be mentioned the possibility that in a few 
of the cases we are dealing not with multiple primary tumors, 
but with a carcinoma, the metastases of which simulate very 
closely sarcomata. Such instances have been reported by 
Polano (132). The number of such cases, however, is prob- 
ably very small. 

Nine examples of three primary multiple tumors were noted 
and two examples of four tumors occurring simultaneously. 
The case of Lewis (100) is unique; he reported nine different 
tumors in the same patient, while that of Sliwinsky (163) who 
described seven is equally interesting. 

In our own case it is difficult perhaps to draw any very 
definite conclusions from the presence of two distinct and 
different tumors. They might be regarded simply as a coinci- 
dence, although the case would seem to be equally well ex- 
plained by the assumption that the patient was predisposed 
to cancer and that subsequent irritation in two organs produced 
malignant growths in both of them. A great variety of com- 
binations of two different tumors are obviously possible, but 
this is the only instance noted in which the combination of a 
carcinoma of the face with a sarcoma of the stomach occurred. 


CARCINOMATA IN THE SAME 
SYSTEM OF ORGANS 


MULTIPLE 


Abesser (2) Carcinoma of jejunum, carcinoma of tongue. 
Beadles (10) Carcinoma of breast, epithelioma of cervix. 
> Carcinoma of breast, epithelioma of vulva. 


Besche (17) Carcinoma of jejunum, carcinoma of colon. 
Bockel (22) Carcinoma of uterus, carcinoma of breast. 
Borchhardt (23) Carcinoma of stomach, carcinoma of colon. 
Bucher (27) Carcinoma of stomach, carcinoma of descend- 
ing colon. 
Devis (37) Carcinoma of pylorus, carcinoma of rectum. 
Eichbaum (41) Carcinoma of esophagus, carcinoma of 
stomach. 
d’Erchia (44) Adenocarcinoma of labia, squamous-celled 
carcinoma of cervix. 
Feilchenfeld (45) Carcinoma of stomach, carcinoma of rectum. 
a Carcinoma of stomach, carcinoma of gall- 
bladder. 
- Carcinoma of stomach, carcinoma of duo- 
denum. 
Frangen- Squamous-celled carcinoma of gum, mucoid 


heim (50) carcinoma of ileum. 
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Gotting (56) 
Hansemann (65) 
Hauser (67) 
Hofbauer (73) 
Israél (75) 
Kaufmann (79) 
Keding (81) 
Klebs (84) 
Lannois (98) 
Mandry (107) 
Michelsohn (112) 
Nehrkorn (117) 
Ogata (121) 
Pignal (131) 
Pirscher (130) 
Ravenna (136) 
Reutter (140) 
Richter (143) 
Rosenbach (145) 
v. Scheel (153) 
Simon (163) 
Sumpter (168) 
Taylor (171) 
Walter (184) 
Warthin (187) 


Winiwarter (194) 
Wehmer (188) 


Wooley (195) 


MULTIPLE 


Altschul (5) 
Beck (13) 
Becker (14) 
Besche (17) 


“ 


“ 


de Beurmann (18) 


Bryant (26) 
Chiari (30) 
Chilesotti (31) 
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Squamous-celled carcinoma of larynx, adeno- 
carcinoma of rectum, medullary carcinoma 
of stomach. 

Carcinoma of 
stomach. 

Carcinoma of tongue, carcinoma of esophagus. 

Adenocarcixoma of rectum, medullary car- 
cinoma of stomach. 

Papillary carcinoma of Fallopian 
squamous-celled carcinoma of cervix. 

Carcinoma of tongue, carcinoma of jejunum. 

Carcinoma of breast, carcinoma of ovary. 

esophagus, carcinoma of 


esophagus, carcinoma of 


tube, 


Carcinoma of 
stomach. 


Carcinoma of left breast, carcinoma of left 
ovary. 

Carcinoma of stomach, carcinoma of duo 
denum. 


Carcinoma of thigh, carcinoma of leg. 

Carcinoma of breast, carcinoma of ovaries. 

Carcinoma of breast, carcinoma of uterus, 
adenocystoma of ovary. 

Carcinoma of breast, carcinoma of uterus. 


Carcinoma of esophagus, carcinoma of 
stomach. 
Carcinoma of esophagus, carcinoma of 
stomach. 


Carcinoma of uterus, carcinoma of ovary. 

Carcinoma of esophagus, carcinoma of colon. 

Carcinoma of esophagus, carcinoma of 
stomach. 

Carcinoma of breast, carcinoma of uterus. 

Carcinoma of ovary, carcinoma of intestine. 

Squamous-celled carcinoma of esophagus, 
adenocarcinoma of pylorus. 

Carcinoma of stomach, carcinoma of liver. 

Carcinoma of bladder, carcinoma of kidney 
pelvis. 

Carcinoma of right ear, carcinoma of left ear. 

Adenocarcinoma of uterus, carcinoma of both 
ovaries. 

Carcinoma of breast, 
adenocystoma of ovary. 

Adenocarcinoma of intestine, adenocarcinoma 
of gall-bladder. 

Carcinoma of right side of tongue, carcinoma 
of left side of mouth. 

Carcinoma of body of uterus, adenocarcinoma 
of ovary. 

Mesotheliomata of both adrenals. 


carcinoma of uterus, 


CARCINOMATA IN VARIOUS ORGANS 


Carcinoma of lower lip, carcinoma of hands, 
colloid carcinoma of cecum. 
Squamous-celled carcinoma of bladder, adeno- 
carcinoma of stomach. 
Epithelioma of uterus, cancer of colon. 
Carcinoma of eyelid, carcinoma of ear. 
Carcinoma of lip, carcinoma of penis. 
Carcinoma of face, carcinoma of stomach. 
Carcinoma of lip, carcinoma of rectum. 
Carcinoma of face, carcinoma of pylorus. 
Carcinoma of nose, carcinoma of breast. 
Carcinoma of colon, carcinoma of vulva. 
Carcinoma of neck, carcinoma of lumbar 
region. 


Cordes (33) 
Cullen (34) 
Deetz (36) 
Feilchenfeld (45) 
Fraenkel (48) 
Graviller (57) 
Hansemann (65) 
Hauser (67) 
Herschel (68) 
Herxheimer (71) 
Hutchinson (74) 
Kaufmann (79) 
Klebs (84) 
Kronig (91) 
Kuster (94) 
Lubarsch (104) 
Michelsohn (112) 
Nehrkorn (117) 
Pusateri (113) 
Richter (143) 
Redlich (138) 
Reutter (140) 


Schwarz- 
waller (160) 
Schweden- 
berg (161) 


Tannberg (170) 
Tixier (176) 
Tsuji (177) 
Turner (178) 


Vander Veer (180) 


Venulet (181) 
Volkmann (183) 
Warthin (187) 


Winiwarter (194) 


Ziba Shin-Iz (196) 


“ 


Carcinoma of foot, adenocarcinoma of 
stomach. 
Squamous-celled carcinoma of skin, adenocar- 
cinoma of prostate (dog). 
Squamous-celled carcinoma of gall-bladder, 
carcinoma of rectum (cylindrical]-celled) 
dermoid of ovary. 
Carcinoma of stomach, carcinoma of breast. 
Carcinoma of breast, carcinoma of intestine. 
Carcinoma of lip, carcinoma of breast. 
Carcinoma of stomach, carcinoma of bronchi. 
Carcinoma of stomach, carcinoma of ovary. 
Carcinoma of ear, carcinoma of pylorus. 
Carcinoma of skin, carcinoma of esophagus. 
Carcinoma of cheek, carcinoma of liver. 
Carcinoma of face, carcinoma of breast. 
Carcinoma of eye, carcinoma of hand. 
Carcinoma of eyelid, carcinoma of rectum. 
Carcinoma of stomach, carcinoma of uterus. 
Carcinoma of nose, carcinoma of breast. 
Carcinoma of breast, carcinoma of stomach. 
Carcinoma of uterus, carcinoma of stomach. 
Carcinoma of nose, carcinoma of breast. 
Carcinoma of bladder, carcinoma of anus. 


Adenocarcinoma of breast, carcinoma of 
stomach. 

Adenocarcinoma of thyroid, carcinoma of 
ovary. 


Carcinoma of lung, carcinoma of ileum. 
Carcinoma of colon, carcinoma of ovary. 
Carcinoma of stomach, carcinoma of uterus. 


Carcinoma of labia, carcinoma of breast. 


Carcinoma of colon, carcinoma of breast. 

Carcinoma of duodenum, carcinoma of bladder. 

Carcinoma of larynx, carcinoma of thyroid. 

Carcinoma of nose, carcinoma of uterus. 

Carcinoma of lip, carcinoma of penis. 

Carcinoma of breast, epithelioma of skin (of 
breast). 

Adenocarcinoma of thyroid, 
uterus. 

Adenocarcinoma of stomach, carcinoma of lip. 

Adenocarcinoma of stomach, carcinoma of 
uterus. 

Carcinoma of skin of buttocks, carcinoma of 
rectum. 

Adenocarcinoma of ovary, colloid carcinoma 
of gall-bladder. 

Carcinoma of both breasts, carcinoma of je- 
junum. 

Carcinoma of lower lip, carcinoma of glabella. 

Carcinoma of tongue, carcinoma of scar in 
skin. 

Carcinoma of nose, carcinoma of stomach. 

Carcinoma of ear, carcinoma of stomach. 

Carcinoma of esophagus, carcinoma of larynx. 

Squamous-celled carcinoma of esophagus, 
adenocarcinoma of trachea. 


carcinoma of 


DIFFERENT TUMORS IN THE SAME ORGAN 


Albrecht (4) 
Ballin (7) 
Becker (14) 


Behrendsen (16) 


Carcinoma sarcomatodes of uterus. 

Carcinoma sarcomatodes of uterus. 

Melanotic sarcoma and carcinoma of the face. 

Cholesteatoma of pons, glioma of left cerebral 
hemisphere. 
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Benthin (15) 
Coenen (32) 
Dorsch (38) 
Emanuel (43) 
Forster (46) 
Fraenkei (48) 
Frangen- 
heim (50) 
v. Franqué (51) 
Gebhard (52) 
Glinski (55) 
Haenel (62) 
Hansemann (65) 
Herxheimer (70) 
Iwanoff (76) 
Kahler (77) 
Kauf- 
mann, E. (78) 
Kauf- 
mann, C. (80) 
Kettle (82) 
Klein (85) 
Klein, H. (86) 
Kocher (87) 
Krompecher (90) 
Kubinyi (92) 
Kummer (93) 
Landsteiner (96) 
Lindemann (101) 
Lippmann (102) 
Loeb (103) 
Maier (106) 
Meyer (111) 
Michelson (113) 
Nebesky (116) 
Niebergall (118) 
Opitz (122) 
Orth (124) 


Quekenstedt (134) 
Rabl- 
Riickhardt (135) 


Rezek (141) 
Ritter (144) 
Rosenstein (146) 
Rothacker (147) 
Saltykow (149) 
- (150) 
= (150) 
se (150) 
Shaller (151) 
. 

Schlagen- 
haufer (156) 
Schmorl (158) 
Schone (159) 
Stein (166) 
Stromeyer (167) 
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Carcinoma sarcomatodes of uterus. 
Carcinoma and sarcoma of breast. 
Carcinoma and sarcoma of breast. 
Carcinoma and sarcoma of uterus. 
Carcinoma and sarcoma of thyroid. 
Carcinoma sarcomatodes of uterus. 


Carcinoma and sarcoma of esophagus. 
Adenocarcinoma of cervix and round-celled 
sarcoma of body of the uterus. 
Carcinoma and sarcoma of uterus. 
Adenocarcinoma and sarcoma of uterus. 
Sarcoma and neuroganglioma of brain. 
Carcinoma sarcomatodes of gall-bladder. 
Carcinoma sarcomatodes of esophagus. 
Carcinoma and sarcoma of uterus. 
Carcinoma sarcomatodes of pharynx. 


Carcinoma sarcomatodes of breast. 
Chondro-carcino-sarcoma of breast. 


Carcinoma and sarcoma of thyroid. 
Carcinoma and sarcoma of breast. 
Carcinoma and sarcoma of uterus. 
Carcinoma sarcomatodes of nasal sinuses. 
Adenocarcinoma, spindle- and giant-celled sar- 
coma of thyroid. 
Carcinoma and sarcoma of bladder. 
Carcinoma and sarcoma of mouth. 
Carcinoma and sarcoma of breast. 
Carcinoma and sarcoma of uterus. 
Carcinoma and sarcoma of thyroid. 
Carcinoma and sarcoma of gall-bladder. 
Carcinoma sarcomatodes of stomach. 
Carcinoma sarcomatodes of uterus. 
Carcinoma sarcomatodes of ovary. 
Carcinoma and sarcoma of thyroid 
rat). 
Carcinoma and sarcoma of tibia. 
Carcinoma and sarcoma of uterus. 
Carcinoma sarcomatodes of pancreas. 
Carcinoma and sarcoma of uterus 
Carcinoma, sarcoma and polyp of uterus. 
Carcinoma sarcomatodes of uterus. 
Carcinoma and sarcoma of breast. 
Carcinoma sarcomatodes of stomach. 


(white 


Carcinoma and sarcoma of ovary. 

Glioma of substantia nigra, sarcoma of right 
temporal lobe. 

Carcinoma and sarcoma of uterus. 

Carcinoma sarcomatodes of uterus. 

Carcinoma and sarcoma of ovary. 

Carcinoma and spindle-celled sarcoma of 
thyroid. 

Carcinoma sarcomatodes of uterus. 

Carcinoma and sarcoma of liver. 

Carcinoma and sarcoma of lung. 

Adenocarcinoma and glant-celled sarcoma of 
uterus. 

Carcinoma and giant-celled sarcoma of breast. 


Carcinoma and sarcoma of thyroid. 

Carcinoma and sarcoma of thyroid (dog). 

Carcinoma sarcomatodes of uterus. 

Cholesteatoma and sarcoma of temporal lobe 
of brain. 





Takano (169) 
Taylor (171) 
Wehmer (188) 
Wells (190) 
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Carcinoma sarcomatodes of breast. 

Carcinoma and sarcoma of thyroid. 

Adenocarcinoma and sarcoma of uterus. 

Adenocarcinoma and sarcoma of body of 
uterus, epithelioma of cervix. 

Carcinoma and sarcoma of breast. 

Alveolar carcinoma, angiosarcoma of thyroid 
(dog). 


DIFFERENT TUMORS IN SAME SYSTEM OF ORGANS 


Beadles (10) 
Czerny (35) 
Haberer (61) 
Langdon (97) 
Scheel (152) 
Schiller (155) 


Thierfelder (175) 


Vander Veer (180) 


Walter (185) 


Carcinoma of uterus, sarcoma of breast. 

Carcinoma of one breast, sarcoma of the other 
breast. 

Carcinoma of tongue, spindle-celled sarcoma of 
epiglottis. 

Fibrocystoma of pons, fibropsammoma of dura. 

Carcinoma of breast, spindle-celled sarcoma of 
ovary. 

Carcinoma of tongue, sarcoma of epiglottis. 

Squamous-celled carcinoma of esophagus, 
spindle-celled sarcoma of stomach. 

Carcinoma of breast, multilocular ovarian 
cyst. 

Carcinoma of esophagus, spindle-celled sar- 
coma of stomach. 


DIFFERENT TYPES OF TUMORS IN VARIOUS ORGANS 


Auerbach (6) 
Bartel (8) 
Bartlett (9) 
Beadles (10) 
Beck (12) 
Bevacque (19) 
Blackburn (20) 
Borst (25) 
Cathcart (28) 
Chambers (23) 
Coenen (32) 
Foster (47) 
Frangen- 

heim (50) 
Grawitz (58) 
Griffin (59) 
Grunfeld (60) 
Hanot (63) 
Hansemann (64) 


Carcinoma of gall-bladder, spindle-celled sar- 
coma of leg. 

Neuromata at base of brain, endothelioma of 
dura mater. 

Carcinoma of thyroid, adrenal mesothelioma, 
congenital cystic kidneys, hemangioma of 
liver (dog). 

Adenocarcinoma of thyroid, mixed tumor of 
breast, adenoma of adrenal (dog). 

Epithelioma of pharynx, malignant adenoma 
of kidney. 

Carcinoma of breast, sarcoma of skin of groin. 

Carcinoma of gall-bladder, spindle-celled sar- 
coma of thyroid. 

Peritheliomata of bone, 
lymph glands. 

Sarcoma of dura, carcinoma of stomach, 
round-celled of testicle. 

Carcinoma of thyroid, fibroma of kidney, 
fibroma of uterus, papilloma of skin. 

Melanotic sarcoma, scirrhous carcinoma. 

Carcinoma of both breasts, sarcoma of uterus, 
sarcoma of skin. 

Sarcoma of fascia, myoma of esophagus, hypo- 
physis tumor. 

Hypernephroma of kidney, scirrhous carci- 
noma of stomach. 

Hypernephroma of 
stomach. 


lymphosarcoma of 


kidney, carcinoma of 


Endothelioma of dura, carcinoma of ovary. 

Carcinoma of small intestine, sarcoma of 
broad ligament, myoma of uterus. 

Carcinoma of esophagus, sarcoma of skin. 

Colloid carcinoma of stomach, angioendotheli- 
oma of stomach. 

Carcinoma of liver, sarcoma of uterus. 

Glioma cerebri, myxoma of stomach, sarcoma 
of liver. 
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Herxheimer (69) 


Krakiewicz (88) 


Kretz (89) 


Landau (95) 


van Leuwen (99) 


Lewis (100) 
Mann (108) 
Markus (109) 
Nehrkorn (117) 
Nothdurft (119) 
Phillipson (129) 
Scheven (154) 


Schmincke (157) 


Simon (162) 
Sliwinsky (164) 
Taylor (171) 
Thal- 


messinger (172) 


Ugdalena (179) 
Vander Veer (180) 


Walter (184) 

" (185) 
Wehmer (188) 
Wooley (195) 
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Carcinoma of stomach, sarcoma of brain, 
myoma of uterus, polyp of stomach. 

Squamous-celled carcinoma of esophagus, 
lymphosarcoma of mediastinum. 

Carcinoma of esophagus, endothelioma of 
dura. 

Osteoma of jaw, adenocarcinoma of intestine 
and rectum, fibrosarcoma of breast. 

Basal-celled carcinoma of skin, mixed tumor 
of parotid. 

Angioma of liver, angioma of kidney, adenoma 
of liver, adenoma of adrenal, polyp of uterus, 
myoma of uterus, malignant myoma of 
broad ligament, fibroma of ovary, pigmented 
nevi. 

Epithelioma of penis, endothelioma of dura. 

Carcinoma of liver and gall-bladder, melanotic 

sarcoma of ovaries. 

‘arcinoma of uterus, melanotic sarcoma of 

rectum. 

‘arcinoma of both kidneys, hemangioma of 

breast. 

‘arcinoma of gall-bladder, sarcoma of skin. 

‘arcinoma of stomach, mixed tumor of kidney, 

psammoma of left striate body. 

Carcinoma of gall-bladder, sarcoma of uterus. 

Carcinoma of liver, melanotic sarcoma of eye. 

Carcinoma of breast, carcinoma of stomach, 
papillary adenoma of kidney, lipoma of 
mesentery, endothelioma of dura, multiple 
adenomata of thyroid, carcinoma of? liver. 

thyroid, sarcoma of medi- 


~ 


~ 


Ar 


Carcinoma of 
astinum. 
Carcinoma of liver, melanotic sarcoma of 

choroid. 


Cystoma of ovary, sarcoma of peritoneum. 
Carcinoma of penis, lymphosarcoma of ingui- 
nal lymph gland. 
Adenoma of breast, osteosarcoma of tibia. 
Carcinoma of right ear and cheek, large 
round-celled sarcoma of neck. 
Adenoma of hypophysis, carcinoma of uterus. 
Carcinoma of breast, sarcoma of dura. 
Carcinoma of pancreas, sarcoma of liver. 
Carcinoma of stomach, psammoma of brain, 
liposarcoma of kidney. 
Carcinoma of uterus, adenocarcinoma of 
ovary, sarcoma of peritoneal cavity. 
Gliosarcoma of brain, endothelioma of pleura, 
endothelioma of Glisson’s capsule. 
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IDIOPATHIC BACILLUS AEROGENES CAPSULATUS INFECTION 


By Horace Gree.ey, M. D., Brooklyn, N. Y. 


Since Welch and Nuttall’ published a description of this 
organism, in 1892, many reports of infection with it have 
appeared in the literature. Although most of the cases 
recorded have been instances where crushing or severe 
mechanical injury was followed by a phlegmonous and usually 
fatal inflammation, for which the bacillus in question was 
adjudged to be responsible, some of the patients have had no 
such predisposing injury. The puerperal cases, of course, may 
be said to follow the severe traumatisms not uncommonly asso- 
ciated with difficult labor, but such cases of this infection as 
that reported by Gwyn’*, which presented at first clinically 
as chorea, cannot be attributed to traumatism, at least to 
external traumatism. In this case, 13 days before death, a 
blood culture showed the presence of the B. aérogenes capsu- 
latus alone. Later, endocarditis was discovered and, in addi- 
tion to the bacillus in question, streptococci were found in 
another blood culture. 

As the organism is a recognized common inhabitant of the 
intestinal tract and of distinct pathogenic abilities, it would 
be expected that lesions of the abdominal organs, due to various 
pathological conditions such as tumor, obstruction, ulcera- 
tion, acute indigestion etc., and the inevitable traumatisms 


of abdominal surgery, would, not infrequently, be followed 
by inflammations directly caused by this bacillus. As the pre- 
disposing conditions in such cases are usually obscure they 
may properly be classed as idiopathic infections. 

A cursory glance at recent literature, however, yields very 
little to prove such a supposition, perhaps because bacteriologi 
cal investigations have been so seldom undertaken: Libman 
reported a case of gall-bladder infection due to this organism. 
Baugher * reported three cases—one in which suppurative per- 
foration of the gall-bladder was apparently caused by this 
organism; another in which it was found in a fistula which 
followed an operation for cholecystitis and which led to perfora- 
tion of the stomach; and a third in which it was the infectious 
agent in a chronic fistula leading to the gall-bladder region, 
and in an acute right-side empyema, which followed opera- 
tions necessitated by an appendiceal abscess. 

Several authorities ° have reported certain small epidemics 
and individual cases of severe diarrhcea in which it seemed 
reasonable to conclude that the B. aérogenes capsulatus was the 
causative factor. In this connection Hewes and Kendall made 
the interesting observation that diarrhceas due to this organism 
were aggravated by such diet (carbohydrates, especially sugar) 
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as had been demonstrated to be beneficial in cases where 
dysentery bacilli were operating; while regimens consisting 
principally of proteins gave the best results in such cases as 
might be blamed upon the B. aérogenes capsulatus. 

A case of primary osteomyelitis at the sacro-iliac joint was 
reported by Cone*. The patient died from the generalizing of 
the infection and the autopsy disclosed post-mortem gaseous 
accumulations in the spleen, subcutaneous and other tissues. 
B. aérogenes capsulatus was found in necrotic bone around the 
primary focus. 

A case of long continued ear discharge, followed by acute 
mastoiditis and lateral sinus thrombosis was reported by 
Shortlidge." The patient, a man, died. 

Cramp‘, in summarizing reports of 187 cases of infection 
with this bacillus said that 76 resulted from compound frac- 
tures; 41 from lacerated wounds; 15 from gun-shot injuries ; 
3 from bites by animals; 2 from gorings by cattle; 21 were 
post-operative ; 8 followed subcutaneous injections ; 6 occurred 
in gynecological or obstetrical cases ; and 6 were non-traumatic 
and, therefore, of similar origin to the cases called idiopathic 
in this article. The remaining cases of the 187 were not 
classified. 

Besson * says: “The bacillus perfringens (B. aérogenes 
capsulatus) is exceedingly widespread. Achalme found it in 
the blood of persons suffering from rheumatism and in the myo- 
cardium of two individuals who had died of acute articular 
rheumatism; Veillon and Zuber in gangrenous suppurations 
(appendicitis, ete.) ; Guyon, Albarran, Jungano, in urinary 
abscesses ; Fraenkel in an inflammatory swelling; Guillemot in 
a case of gaseous gangrene; Jungano in cases of chronic 
urethritis ; Chaillous and Benedetti in ocular infections. It is 
a normal inhabitant of the alimentary canal of man and many 
of the lower animals, and it possibly plays a part in the 
etiology of certain forms of diarrhoea (Tissier, Metchnikoff). 
[t is also present in bodies undergoing decomposition.” 

In connection with inflammatory processes of the gall- 
bladder and liver I recently had occasion to do some bacteri- 
ological and pathological work which disclosed two interesting 
cases of infection by B. aérogenes capsulatus. 

The first patient had been under the care of Dr. Earle H. 
Mayne of this city, who has very kindly supplied me with 
clinical data sufficient to give a short account of the case. 

Mrs. B., a housewife of 52 years of age, in prosperous circum- 
stances, weight about 160 lbs., previously in good health and with 
a negative disease history, after having been ailing and, more or 
less, confined to the house for about three months, called in 
Dr. Mayne, who found her suffering from a remittent fever, 
reaching from 100° to 104° F. in the afternoons and subsiding 
slightly in the mornings. There were no other symptoms except 
such lassitude and anorexia as would naturally accompany any 
toxemia producing such elevation of temperature. Upon physical 
examination, Dr. Mayne found that the patient’s liver reached 
a point half-way between the lower margin of the ribs and the 


*“ Practical Bacteriology, Microbiology and Serum Therapy” 
(English edition). Longmans 





umbilicus. At his request I made laboratory examinations which 
gave the following findings: 
Blood— 
Erythrocytes: 4,400,400 (slight poikilocytosis, otherwig® the 
cells were normal). 
Leucocytes: 32,400 (neutrophile, 69 per cent; eosinophile, 
per cent; lymphocytes, 17.8 per cent; large mononuclears, 
6 per cent. 


rim 


79 
ir) 


No malaria plasmodia were present, and the Widal and Wasser- 
mann tests were negative. The feces showed nothing beyond the 
usual miscellaneous assortment of bacteria, a good deal of mucus, 
and epithelia from the large intestine. 

Blood cultures, taken two weeks before the date of the above 
tests, were negative; but those taken concomitantly gave, after 48 
hours’ incubation, a pure growth of what subsequently proved to 
be the B. aérogenes capsulatus. 

The patient refused an exploratory laparotomy and Dr. Mayne 
then proceeded to immunize her son with a vaccine which I made 
from the organism isolated. After three doses had been given the 
young man, 500 c. c. of his blood were transfused into his mother; 
again three injections of vaccine into the donor, a transfusion of 
800 c. c. to the patient; and, finally, a third series of three doses of 
vaccine, and a transfusion of 1000 c.c of blood. No noticeable 
effect was produced, and nothing else that was done for the 
patient helped her in any way. 

During the next three months the patient gradually grew worse, 
her liver finally reaching to Poupart’s ligament. For the last 
10 days of this period she was delirious, dying, evidently from 
toxemia, after an illness of six months. 

An autopsy was obtained by Dr. Raymond Clark, who had 
cared for the patient during an absence from town of Dr. 
Mayne. Dr. Clark informs me that the post-mortem disclosed 
a generalized carcinoma of the liver, which seemed, possibly, to 
have arisen in the gall-bladder, which was extensively diseased. 
No bacteriological examination was made at this time. 

Since the high temperature prevailing during the six months 
illness necessitates an explanation other than the presence of 


Outcome 





Number Nature of Positive Reported 
Cases Case Deaths | Recoveries Culture by 
l Puerperal. 1 Few days be- Young & Rhea, 
fore death. Boston M.&S.J., 
1909, CLX, p. 401. 
l Chorea, endocar- 1 er 13 days before Gwyn, Bull. J. 
ditis, death. Hopkins Hosp., 
1899, X, p. 134, 
4 Severe injury. 4 Few hours be- Hewitt, J.A.M.A,, 
fore death. Apl, 1, 1911, p. 
959. 
1 Severe injury. 1 Shours before Cole, Bull. J. 
death. | Hopkias Hosp., 
1902, XIII, p. 224. 
1 Severe injury. 1 1 day before Baugher, J. A. M. 
death. A., Apr. 11,1914, 
p. 1153. 
1 Cholecystitis. — > jt # #seenes Baugher, J. A. M. 
A., Apr. 11, 1914, 
p. 1153. 
1 After operation for, .... > +f «enene Baugher, J. A. M. 
cholecystitis, A., Apr. 11, 1914, 
p. 1153. 
1 After «peration for, .... an aa Baugher, J. A. M. 
appendicitis. A., Apr. 11, 1914. 
p. 1153. 
1 Carcinoma of liver. 1 3 months before Present commu- 
leath. nication. 


the neoplasm, and as the positive blood cultures and leucocyto- 
sis demonstrated the presence of an infection with B. aéro- 
genes capsulatus and a systemic reaction thereto, I think it 
justifiable to conclude that the neoplasm afforded a gateway 
by which this common saprophyte was enabled to maintain 
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an infectious process extending probably from the gall-bladder 
into the liver, whence toxins * and organisms reached the 
general circulation with the results manifested during life. 

It is, of course, possible that antecedent injury of the gall- 
bladder by the activities of the organism in question furnished 
that continued irritation thought to be so important in deter- 
mining the site of a neoplasm. 

An interesting feature of this case was the positive blood 
culture obtained three months before death. In the literature 





Fic. 1.—Gall-bladder and gall-stones from 
case of chronic cholecystitis due to B. aerogenes 
capsulatus. 
positive blood culture cases (showing the B. aérogenes cap- 
sulatus) are so rare as to justify a résumé of those found, 
which are given in the table opposite. 

A somewhat similar case was one recently operated upon 
by Dr. G. de Yoanna of this city, in which he removed the 
gall-bladder shown in the accompanying illustration. The 
patient, Mrs. C., was a married woman, 30 years of age, who 
had complained of repeated attacks of indigestion. When 


* Bull and Pritchett (J. Med., 1917, XXVI, pp. 119) recently 
demonstrated that this bacillus could produce a toxin which was 
hemolytic and able to disintegrate tissue elements generally. 
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Dr. de Yoanna examined her abdomen he readily detected 
the projecting mass formed by the diseased gall-bladder. It 
was not tender and the patient was afebrile, but, since the 
finding was so markedly pathological, he determined to operate. 
The diseased structure, although extensively adherent to 
adjacent organs, was removed but, unfortunately, the patient 
died two days later. 

Upon examination of the gall-bladder I could find no lesions 
other than excessive hypertrophy of its muscular and fibrous 
elements (its wall was over three-quarters of an inch thick) 
and catarrhal inflammation of the mucosa. The gall-bladder 
contained, besides the gall-stones shown in the photograph, 
nearly clear serous fluid in which I found many bacilli, most 
of which were in the degenerated state connected with spore 
formation. Cultures from this fluid gave a pure growth of the 
B. aérogenes capsulatus. The gall-stones were of cholesterin, 
and from the centers of two of them I grew a culture of the 
same organism, this indicating that it probably was concerned 
in the formation of the concretions. 


IDENTIFICATION OF ORGANISMS 


In the case of the blood culture from Mrs. B., the first 
organisms that were obtained were from the bottom of a narrow 
tube of about 10 c. c. of bouillon, to which had been added 0.5 
c. c. of the patient’s blood. These bacilli were observed after 
48 hours’ incubation, at 37.5° C.* Replants in bouillon, after 
two to three generations, diffusely clouded the medium. The 
organisms were non-motile. In old cultures many of the bacilli 
showed the non-stain-taking oval form associated with spore 
formation. Cultures (replants from bouillon) in neutral milk, 
within 24 to 48 hours, coagulated the medium with acid re- 
action and rancid odor. Replants in dextrose-agar developed 
bubbles of gas. Young organisms were always gram-positive. 

A guinea-pig, intravenously inoculated with 0.5 c.c. of a 
culture in bouillon-serum, was killed a few minutes later, 
incubated for 24 hours and autopsied. Gas was found in the 
heart, the larger veins, and in the liver. Many large capsulated 
bacilli were evident in smears made from the blood. 

In the second case ( Mrs. C.) a culture, from the nucleus of a 
gall-stone, in bouillon-serum, was replanted in milk, which it 
coagulated, as above, giving an odor of butyric acid. 

A bouillon-serum culture (0.5 ¢. c.) was injected into a 
guinea-pig, which was killed five minutes later, incubated for 
24 hours and autopsied. Bubbles of gas, and capsulated bacilli 
were found as in the case first described. 


RECENT BACTERIOLOGICAL WoRK 


Work of a great deal of interest has been published during 
the past year in connection with the conditions affecting the 
growth of this bacillus. Wright* conducted extensive experi- 
ments by which he showed that it would grow most prolifically 


* Besson (p. 570) quotes Rosenthal te the effect that the latter 
had grown the bacillus under aérobic conditions. Baugher 
(quoted before) did not employ anaérobic conditions in growing 
his blood cultures. 
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in a tube of bouillon to which a piece of potato (or various other 
substances) had been added, under aérobie conditions. Since 
he obtained similar results by adding to the bouillon, instead of 
potato, pledgets of cotton or of asbestos wool, platinum black, 
a rusty nail, a capillary glass tube filled with a minute quantity 
of a suspension of the organisms, he concluded that the com- 
mon factor involved was of a mechanical nature. He says: 
“ And that mechanical factor would appear to be the providing 
of some hole or cranny to serve as a nidus in which the microbe 
can get a start by concentrating its chemical effort at first 
upon a fractional portion of the provided culture medium.” 

Continuing his experiments he determined that trypsinized 
serum was considerably more favorable to the growth of the 
organism than normal serum, and declared that what he calls 
the “ antitryptic power of the blood” stood in the way of the 
growin of this organism, as well as of others, by inhibiting 
the digestive processes by which microorganisms obtain their 
food. Of course, it seems that this so-called antitryptie power 
may represent nothing more than the minimal power (amount) 
of bacterial enzyme that is required to make a salient (mili- 
tarily speaking) into the normal serum or blood elements, 
or the resistance to bacterial digestion (the chemical inertia) 
displayed by the smallest units of the said serum upon which 
the bacterial forces can be brought to bear. 

Wright, commenting upon the difficulty met with in start- 
ing growth of cultures of the B. aérogenes capsulatus in serum 
and the avalanche-like progress made when once such a start 
had been effected, compared this to the way in which wound 
infections with this organism often become rapidly progressive. 

Considering the acidity developed in serum by the growth 
of this bacillus he experimented with serum of which the natu- 
ral alkalinity had been neutralized by the addition of sulphuric 
acid, and found that the addition of the acid converted an 
unfavorable into a most favorable medium. The lesson of 
this experiment was applied clinically, and Wright reports 
that the administration of alkalies to patients suffering from 
serious wound infections with the bacillus in question “ gave 
markedly favorable results only in two cases out of the six ” 
experimented upon. 

In this connection it occurs to the writer that the reason 
the addition of acid, especially a mineral acid, to an albumi- 
nous fluid such as blood serum, aids in the growth of a pepto- 
nizing microorganism therein, is that here the same forces 
operate as in the human stomach where peptic digestion is so 
greatly dependent upon the presence of acid. 

Taylor and Austin” recently announced that “ Dakin’s 
hypochlorite and chloramine-T solutions will protect pigeons 
against multiple fatal doses of the toxin of B. welchw when the 
antiseptic and the toxin are mixed in vitro and allowed to 
stand in contact for five minutes before injection. The detoxi- 
cating action of the solutions is demonstrable also in the 
presence of serum. Phenol solution, 0.25 per cent, has no 
such action.” 

They quote Dakin to the effect that this action of the chlor- 
inated antiseptics is to be attributed chiefly to their affinity 
for the amino group of the protein molecule. It seems to me 





that a simpler and more probable explanation would be that 
thse solutions acted in an antacid capactity upon a toxin 
which Wright proved to be more active in an acid or at least 
a neutral medium. The failure of the phenol to modify the 
effect of the toxins may be explained along the same lines, as 
it would tend to increase acidity, certainly not to reduce it. 

Wolf, McGill and Harris,” after experimenting with this 
same organism along the lines pursued by Wright, announced 
that “with a properly prepared culture medium B. welchu 
will grow freely in open, narrow tubes. The addition of any 
solid matter is not necessary to produce this apparently aérobic 
growth. No segregation of organisms is necessary, for the 
bacillus grows vigorously when nitrogen containing 1 per cent 
of oxygen is bubbled continuously through the tubes, but the 
organism is very sensitive to, and its growth is inhibited by, 
higher proportions of oxygen. For this reason the so-called 
aérobie growth is best obtained in narrow tubes of freshly 
sterilized fluid from which the air has been partly expelled by 
the heat of sterilization.” 

In regard to the layer of oil that some h.ve thought neces- 
sary and so frequently employ in cultivating certain organisms, 
a statement by these authors is most interesting and un- 
doubtedly entirely true: 

“Tn connection with the conditions which are usually asso- 
ciated with anaérobie technique it would appear that bacteri- 
ologists have been deluded for a long time into thinking that 
by covering a culture medium with a layer of paraffin or 
lanoline the aqueous layer is protected from the gases of the 
atmosphere. Vernon, as quoted by Bayliss in his “ Principles 
of General Physiology,” found that oxygen was 4.5 times more 
soluble in fats and oils than in water. Bayliss directs attention 
to the futility of attempting to protect aqueous solutions from 
the gases of the atmosphere with layers of oil, as is done in 
Hesse’s method. The anaérobic conditions desired can be just 
as well obtained by employing high, narrow tubes of freshly 
sterilized media. 

“We have a certain number of experiments which confirm 
Bayliss’s statement in every particular. Sloped tubes covered 
with paraffin do not grow the bacillus any better than do simi- 
lar tubes unprotected by the fatty layer. If the paraffin layer 
is of any real value, it probably plays its part in diminishing 


convection currents in the aqueous layer.” 
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OBSERVATIONS UPON THE CALCIUM CONTENT OF THE 
BLOOD IN INFANTILE TETANY AND UPON THE 
EFFECT OF TREATMENT WITH CALCIUM 
By JoHN HowLanp and W. McKim Marriorr 
(From the Harriet Lane Home of The Johns Hopkins Hospital 
and from the Department of Pediatrics of The Johns 
Hopkins University, Baltimore) 

The diagnosis of tetany at the present day from clinical 
symptoms and by means of the accessory diagnostic signs 
may be made with sufficient accuracy; it is another matter 
to determine what it is that brings about this strange 
hyperexcitability of the nervous system to insults and stimuli 
of all kinds. There have been many hypotheses suggested. 
None has been as yet entirely convincing. It has 
vigorously insisted that tetany is only a symptom of rickets. 
It is quite true that rickets is usually to be found associated 
with tetany and that tetany is most common during the 
winter and spring months when active rickets is also most 
frequently seen. The chief objections to this hypothesis 
are that tetany is found at times when no rickets is discoverable 
and that very many children with the most extreme evidences 

of rickets never manifest any evidences of tetany. 

Tetany has been referred to an improper diet, to an absence 
of breast milk or to an excessive quantity of cow’s milk. 
That no particular food can be held solely responsible is 
shown by the fact that tetany may be seen after almost any 
form of diet. 

Tetany has also been referred to the absence of an essential 
substance or “ vitamine ” in the diet. In support of this view 
may be mentioned the preponderance of tetany among the 
artificially fed and the considerable improvement brought 
Against this view is the fact that 


been 


about by codliver oil. 
many cases of tetany are to be seen when the diet of the 
infants has been composed wholly or in part of cow’s milk 
which has not been heated and hence still contains the 
vitamines. 

Noél Paton and his collaborators have recently made an 
extensive study of tetany in animals and in human beings. 
They believe that the tetany of animals deprived of their 
parathyroid glands and the idiopathic tetany of infants are 
similar as regards their characters and metabolism, and that 
both are due to some error in metabolism whereby an intoxi- 
cation by guanidin and methyl guanidin takes place. Until 
the chemical studies upon which these conclusions are based 
can be repeated and confirmed, it would be premature to 
There are certain 
In the first place, 


venture a definite opinion regarding them. 
facts, however, that merit consideration. 
enough studies have been made to show that parathyroid 
lesions in infantile tetany are the exception and not the rule. 
[t should also be stated that parathyroid lesions as severe 
as have been found after tetany may occur in patients who, 
during life, have shown absolutely no evidences of tetany, 


electrical or otherwise. Another possible ground for criticism 
of Paton’s conclusions is found in the small number of 
observations upon children and in the unsatisfactory ages 
of the children used for Finally, granting that 
the analytical method used by Paton determines guanidin 
and methyl guanidin alone, no proof has been brought forward 
that the substances have accumulated in the blood of children. 

Some objections to the view that parathyroid disease is 
the cause of infantile tetany have been mentioned. That 
there are many points of similarity between the tetany of 
The 
symptoms are much alike as are also the electrical reactions. 
The changes that MacCallum and Voegtlein found in the 
calcium of the blood are, as will be seen later, strikingly 
like those that we have found in the tetany of infants. But 
the experiments of Binger show that typical tetany may be 
produced in dogs when the parathyroids are left entirely 


control. 


parathyroidectomized dogs and human tetany is true. 


undisturbed. 

More attention has probably been paid to calcium as a 
factor in the production of infantile tetany than to any other 
chemical substance. The close connection between rickets and 
tetany, in the former of which there is a known error of calcium 
metabolism, has been sufficient to suggest to many a somewhat 
similar disturbance of calcium metabolism in tetany. A great 
stimulus to the study of the relation of calcium to tetany was 
given by the observation of Sabbatani and other Italian investi- 
gators, that a solution of calcium applied to the brain dimin- 
ished its irritability to electrical stimulation, but substances 
that caused a precipitation of calcium such as oxalates or 
citrates brought about an increased irritability. 

The favorable therapeutic influence of calcium upon tetany 
gives weight to the view that a deficiency of caleium may play 
a part in the production of tetany. Studies upon the calcium 
metabolism of infants with tetany have been made by v. Cy- 
bulski and Schabad. The former found a very slight calcium 
retention during active tetany and a greatly increased reten- 
tion during convalescence. Schabad’s results were similar. 
He came to the conclusion that there was absolutely no 
difference to be determined between the metabolism of uncom- 
plicated rickets and of rickets complicated by tetany and stated 
that the information to be desired could be obtained only by 
analyses of the blood. He, however, made none. 

The attempt has been made by Neurath, Cattaneo, and 
Longo to determine the calcium in the blood. Neurath used 
Wright’s method, which is supposed to show differences in the 
amount of free calciumions. It gives relative but not absolute 
figures. Neurath blood of 15 
various manifestations of tetany of more or less severity. He 
No determina- 


examined the infants with 
found in general a reduction of the calcium. 
tions were made upon patients with rickets alone. 
Cattanee and Longo have made gravimetric determinations 
of the calcium in the blood of a few normal children and of 








236 JOHNS HOPKINS HOSPITAL BULLETIN 


a few with tetany. Their results were at variance and Longo 
concluded that it was impossible to establish any relationship 
between the amount of calcium in the blood and any mani- 
festation of tetany. 

The studies upon parathyroid tetany in animals are of 
great interest on account of the influence of parathyroidectomy 
upon the calcium of the blood. MacCallum and Voegtlein 
and MacCallum and Vogel have shown that after parathyroi- 
dectomy tetany appeared when the calcium of the blood was 
diminished about one-half and that the symptoms of tetany 
could be promptly, though only temporarily, relieved by the 
intravenous administration of calcium salts. 

A year ago we showed that in the acidosis of nephritis 
there is a great accumulation of inorganic phosphates in the 
blood serum, and that when the phosphates are increased 
there is a reduction of the calcium, sometimes to a very low 
point. On the basis of these findings Binger has recently 
published interesting observations upon the effect of the 
intravenous administration of phosphate solutions to dogs. 
When sodium phosphate in sufficient quantity and at the right 
reaction is injected, definite tetany results with a marked 
decrease in the calcium of the serum. If the solution injected 
has a hydrogen-ion concentration greater than 10-* no tetany 
results even though the caleium drop occurs. 

We have studied the relationship of calcium and infantile 
tetany during the last 2% years. It is apparent that merely 
from the determination of the intake and excretion of calcium, 
little can be learned. It,is of prime importance to determine 
the quantity of calcium circulating in the blood. With the 
usual methods of analysis this has been impossible unless 50 
or 100 c. ec. were withdrawn, with double the amount if dupli- 
cate determinations were made—an impossible procedure with 
living infants. It was therefore necessary to develop an accu- 
rate method that would allow duplicate determinations to be 
made with a small amount of blood. This we have done. 
The methed is sufficiently exact to determine the calcium in 2 
ce. c. of serum with an error of not more than 5 per cent. 

We determined first the calcium in the serum of normal 
persons. The amounts found are given in Table I. 


TABLE I.—NORMAL 


MILLIGRAMS OF CALCIUM PER 100 c. c. oF SERUM 


DEED 4.4s5/e cea cemanesinn De: : SID icc dev nceesnenne 11.0 
I ey oe oe eae Ss ME. << wias:k er emnae maaan 11.2 
0 eer eer ee hr I a ay ae sa be ida oa oe 11.3 
Rene ere SE EY eldcdceis Sieg hwnd owen 9.2 
eer re ore ec I IE, eX nioa de @ aw maces wR 10.0 
IN oi ice eb inncbgskcavernces DO ME as kewdvtcnencnsanwad 10.3 
NID 256i sar Niccoomns eanaeee 0 Rr ere er er 11.0 
ee eee a ERS ee er 9.8 


It will be seen from the table that the quantity of calcium 
in placental serum and in the serum of normal patients is 
singularly constant. In almost all instances, no matter what 
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the age, and in all instances with infants it was above 10 mg. 
and it is seldom more than 11 mg. 

On account of the frequent association of rickets with tetany 
it was necessary to determine if any changes in the calcium 
of the serum results from rickets alone. We have therefore 
studied a considerable number of cases of rickets. 


TABLE II.—RICKETS 


MILLIGRAMS OF CALCIUM PER 100 c. c. OF SERUM 


No, Child Race \ge Type of Rickets Calcium 
Bowens A. T....Colored ee eee ee 10.9 
e -sxaue R.W....Colored ....4 months....Active ......... 9.0 
De sitar me C.J... eee .<. 6 wae... ARIOO ic ccccccs 10.5 
| ee L. D -Colored ....4 months....Active ......... 7.9 
D axiwecet DD. S....Cebered ....4 WOts....MMRIVO .cccscces 9.0 
Adasen at DD... etered ....@ mamths... BGO .ccccccss 8.0 
ieee 7... ebeweR ....@ wmpemtiee.... AGO .cccccces 9.0 
ewe H. L -Colored ....4 months....Active ......... 8.3 
DP encoed B.B....Colored ....4 months... .Active ......... 9.3 

Baa wiaiart B.S... ees .....6 Ue... Ec cccncssven 10.9 

aaa Sf eee ee CS Ci soc. n00ese5<0e0n 10.7 

Be estén A ee 63 months....Moderate ....8.6-9.0 

ae: 2 ee eee S WI 1 cc, Kx cunaevnes 10.9 

De sewn Be Bkens ee a0eds 8 months....Moderate ...... 9.9 

Me! setae 7S Fe seer 8 months....Marked ........ 10.5 

ee | aa 9 months....Marked ........ 9.0 

) eee kh See eee ere 8.0 

ae: einsen fee ae ll ee leer 9.8 

BP exawan R.Q....Colored ...14 months....Mild ........... 8.8 

BO x.ccevd. ME... Wie ....30 weenie... caccvces 10.0 

Me «cgiicun S.J -Colored ...23 months....Very severe..... 9.3 

Average .... 9.4 


An examination of the figures in Table II shows that in 
more than a third of the cases the figures fall within the normal 
limits, and this even when the disease was presumably active 
(in the fourth and sixth months). In 9 cases there was a 
slight reduction, so that there were found between 9 and 10 
mg. of calcium per 100 c. c. In 5 cases the calcium content 
was from 7.9 to 8.8 mg. The lowest amount that we have 
found in apparently uncomplicated rickets was 7.9 mg. We 
may say, then, that with rickets there is no great reduction in 
the calcium, that while the calcium may be reduced as much 
as 2 mg. per 100 c. c. (20 per cent) the considerable majority 
show a reduction of 1 mg. (10 per cent) or less, and that with 
cases of apparently active rickets there may be no reduction 
whatever. The calcium reduction does not seem to be 
obligative. 

In choosing cases of tetany for study we have taken those 
regarding the diagnosis of which there could be no doubt 
whatever. All of the children had had or were having con- 
vulsions, with all there was a cathodal opening contraction 
with a current less than 5 milliampéres, a number had spasm 
of the glottis, and with many Trousseau’s sign or a marked 
facial phenomenon, or both, were demonstrated. 

Table III gives in tabular form the calcium in the serum, 
during active symptoms, with the 18 cases of idiopathic tetany 
which we have studied. 
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TABLE III.—ACTIVE TETANY 


MILLIGRAMS OF CALCIUM PER 100 c. c. oF SERUM 


ee So oksa cena weeeeeuenee ee ee a 6.0 
CEG SZ ccccvcceccvcssesseses en eee Ocoee 6.5 
COMO SD ccccncccscccvosecces ee a a a 6.15 
eee ne 5.0 eS es eee eee 6.3 
C6 ca ccd tee ebatee ee 5.0 6.5 
PNT teacuonmwonwesmaw en 5.8 Came 14 ...ccccccccccccces 6.8 
Ee -Guadiecexnebadencawmen 3.5 i 6.0 
NS ossiseecenescewisins van CE Swéiendcarnnvaneren 7.3 

ne Case ie 4iktv<eadbenw coud vp 

45 Se Sar iciwsseewennwen 4.6 
PET ocsndceanesevenwanane 4.7 —— 
Ee ~«6xiwnewsanteledann 5.8 DNS. snnddevcnexen 5.6 


It will be noticed that the calcium was very greatly reduced 
in all instances, and with one exception was 7.0 mg. or less 
per 100 e. 
1) per cent. 
all instances, less than we have ever found with rickets and 


c., a reduction, roughly, in the neighborhood of 
It will also be noticed that the calcium was, in 


so much lower that, with one or two exceptions, there could 
be no danger of confusing even the highest determinations 
with the lowest which we obtained in rickets. From the regu- 
larity of our findings it appears that convulsions may be ex- 
pected when the calcium content of the serum becomes less than 
7.0 mg. per 100 c. c., or, to put it in another way, when there 
are convulsions and other symptoms due to tetany, the calcium 
of the serum is 7.0 mg., or less, per 100 c. c. The amount of 
calcium in the serum that we found in idiopathic tetany is 
strikingly close to that which was found by MacCallum and 
They 


Considering the 


Vogel in the serum of dogs after parathyroidectomy. 
determined the calcium in blood. 
calcium of serum twice that in an equivalent amount of whole 


whole 


blood, their results may be reckoned as 3.1, 6.4, 4.5, and 7.8 
mg. per 100 c. ¢. 

The results obtained by Binger are also strikingly similar. 
He found that dogs, after injection with a sodium phosphate 
solution of the proper hydrogen-ion concentration, developed 
tetany when the calcium in the serum was 5.6, 6.1, 5.5, and 
5.3 mg., respectively, and that tetany did not develop when 
the calcium of the serum was reduced by the same measures 


to 7.8, 7.7 and 7.7. mg., respectively. We have also found in 


studying the serum of two dogs subjected to parathyroidectomy 


5 


that the symptoms of tetany developed when the calcium was 
reduced to about 7.0mg. Thus, one dog, before operation, had 
10.8 mg. of calcium per 100 c. c. of serum; after 48 hours, a 
short time before the onset of tetany, 7.3 mg., and the second 
had, before operation, 10.0; after 24 hours, 8.9; and after 6 
days and with the onset of tetany, 6.8 mg., per 100 c. c. of 
serum. 

The constancy in the diminution of the calcium of the serum 
in tetany affords some means of differentiating tetany from 
other convulsive disorders in infancy. We have studied other 
cases of convulsions, manifestly not due to tetany, and have 
found the following: 
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TABLE IV.—CASES OF CONVULSIONS NOT DUE TO TETANY 


Mg. of Calcium 


Patient Age Diagnosis per 100 c. c. of 
Serum 

OS Saeeer 4 months......Mental deficiency .............. 10.1 
ce, Ge vanes B SO iinsedes eer eT 11.0 
of a + eee PE, ccckcnedeensaane eee 10.2 
ee 7. em eae en ee 8.9 
See 7 months...... Convulsions of unexplained 

GIS kseNGaNadecneaaens ones 9.6 
ae 6 wemths....<« Convulsions of unexplained 

GN £ bas Rhenendeeceneteen 10.7 
4 eee 7 months...... Convulsions of unexplained 

GER oc tatvencensessancanve 9.2 


In the light of these results is it possible to refer tetany to 
a diminution of calcium in the blood? Perhaps the strongest 
evidence, in addition to the great parallelism which we have 
found between the symptoms and the low calcium content of 
the serum, is the results obtained by Binger after the injection 
of orthophosphates. When the calcium was reduced to a figure 
closely corresponding to what we found with active tetany, 
the characteristic symptoms of tetany 1n the dog appeared, and 
The 


prompt improvement in infantile tetany after calcium medi- 


this when the parathyroids were entirely untouched. 


cation, as will be shown, and the absence of symptoms when 
the calcium in the blood remains above 7.5 mg., is also strong 
evidence as to the part that calcium plays in the production 
and dissipation of symptoms. 

It seems sufficiently plain that the diminution in the calcium 
of the serum is a constant phenomenon in infantile tetany. 
What is it that brings about this diminution?. The question 
arises: Is there an accumulation of inorganic phosphates of 
the serum in tetany sufficient to account for the reduction of 
the calcium? This question can be answered at once in the 
negative. We have determined the inorganic phosphorus, in 
active tetany, the calcium being low, and have not found an 
amount of phosphorus in the serum significantly above the nor- 
mal limits, which are from 1 to 3.5 mg. per 100 c. c. of serum. 
We have found in tetany 1.0, 3.0, 4.0 and 2.7 in different cases. 

Wilson, Stearns, and Thurlow showed that in dogs at certain 
stages of tetany induced by parathyroidectomy, there was an 
increased alkalinity of the blood called by them “ alkalosis.” 
This disappeared after the onset of convulsions. We have 
made determinations of the hydrogen-ion concentration of the 
serum of infants with tetany by the dialysis indicator method 
but have not found an “ alkalosis.” 
ever, at times result from an alteration in the reaction of the 
After the thera- 


That tetany may, how- 


blood we have had opportunity to observe. 
peutic administration of bicarbonate of soda for acidosis, it 
is not unusual to see the development of characteristic symp- 
toms of tetany. Thus, we have seen typical carpopedal spasm 
when bicarbonate of soda has been injected intravenously for 
the acidosis of diarrhea. The onset of symptoms of tetany 
following the administration of soda and their prompt cessa- 
tion when the soda was stopped, with the changes in the calcium 
content of the serum and the electrical reactions, indicate that 
soda is capable of producing these symptoms. 
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It is apparent that the symptoms of tetany and the lower- 
ing of the calcium content of the serum may be produced in a 
variety of ways, but we have not been able to show that any of 
these means is operative in uncomplicated infantile tetany. 

Calcium and magnesium, both constituents of the serum, are 
chemically closely related, and from the physiological stand- 
point it has been shown that their action is frequently similar 
though at times it may be distinctly antagonistic. For this 
reason it appeared advisable to determine also the magnesium 
in the serum. It was necessary to devise a special method for 
this as the amount in the serum is so small that gravimetric 
determinations are out of the question. This we have done. 
The method is sufficiently accurate to determine the magne- 
sium in 2 ¢. ¢. of serum with an error of not more than 5 per 
cent. The determination may be made with the same sample 
of serum in which the calcium is determined. It has been 
found that the amount of magnesium in the serum shows but 
little variation. Not only is this true during health but it 
is also true in disease. We have not found less than 1.75 mg. 
or more than 4.0 mg. of magnesium per 100 c. c. of serum. 
The slight variations in the magnesium seem to bear no rela- 
tionship to the alternations in the calcium. It is, therefore, 
possible to say that magnesium plays no determining role in the 
production of the symptoms of tetany. 

Our results are sufficiently numerous to allow certain con- 
clusions to to be drawn regarding the specificity of the electrical 
recations of tetany. In all instances when the C. 0. C. or 
C. C. T. occurred with a current of less than 5 milliampéres, 
there were unmistakable evidences of tetany and a very dis- 
tinct reduction in the calcium of the serum. This is another 
way of demonstrating the specificity of the cathodal hyperex- 
citability of Thiemich and Mann which, from clinical experi- 
ence, has been considered satisfactory evidence of the presence 
of tetany. 

The influence of calcium upon the symptoms of tetany has 
been studied in two ways. Bogen, Risel, Rosenstern, von 
Pirquet, Zybell and others gave calcium in various forms and 
in various doses; but they gave usually only one dose and 
determined the effect of its administration upon the electrical 
reactions. From the single dose no effect or only a temporary 
effect, upon the clinical symptoms was observed. Others, 
notably Netter and Géppert, have consistently used calcium 
in the treatment of tetany and have reported striking results 
from its use, when repeated doses have been administered. Its 
usefulness has not been demonstrated except by the dissipa- 
tion of clinical symptoms, 1. e., its effect upon the electrical 
reactions or upon the other signs has not been noted. With 
the proof that in active tetany the calcium in the serum is 
consistently low, it has been the logical thing to give calcium 
and to give calcium repeatedly, for if there is a constant 
calcium loss it is only by the continued administration of 
calcium that a sufficient quantity to prevent symptoms can be 
kept circulating in the blood. If the administration of calcium 
is interrupted it soon sinks again to its previous low level. We 
have, therefore, given calcium by mouth in doses of from 0.5 


[No. 332 
gm. to 1.0 gm. every 4 hours. We have also determined the 
effect of this administration of calcium upon the electrical 
reactions and upon the calcium content of the serum as well 
as upon the clincial symptoms. It may be stated without 
reservation that calcium has a very prompt effect in prevent- 
ing all of the symptoms of active tetany. In the course of a 
few hours the symptoms diminish in intensity and almost 
always in 36 or 48 hours they have entirely disappeared. The 
electrical reactions also undergo an alteration so that C. C. T. 
or a C. O. C. with a current of less than 5 milliampéres is no 
longer obtained. The calcium content of the serum also rises. 
In some instances it has reached nearly normal in the course 
of a few days. In the majority of instances, however, it has 
not reached normal, but has remained between 7.5 and 9 mg. 
for a long time, despite the continued administration of 
calcium. The symptoms, however, have been held entirely in 
abeyance. We know of hardly another drug which acts in 
disease with the promptness and with the regularity that cal- 
cium does in tetany. The calcium administration must, how- 
ever, be continued. The cessation of the drug for a few days, 
perhaps even hours, will allow the return of symptoms and 
it is altogether probable that in many instances it must be 
continued until in the ordinary course of events the tendency 
to tetany disappears. This is added evidence to us that the 
calcium deficiency in tetany is not a primary condition. It 
is brought about by some unknown factor which diminishes 
to a very marked degree the calcium content of the serum, 
which is operative chiefly during certain months of the year 
and which gradually loses its effect or disappears. 

We employed calcium lactate at first. It did not appear 
to us that the effects were so prompt as those produced by 
calcium chloride. For this reason we have given calcium 
chloride in the great majority of instances. This has been 
administered in the food. We have continued the calcium in 
most instances for several weeks and have then gradually 
diminished the amount and frequency of administration until 
it was discontinued entirely. 

It is undoubtedly true that in many instances phosphorus 
and codliver oil have a distinct effect in improving tetany. At 
times, however, their influence is slight. In any event it is 
slow and is often not sufficiently marked or sufficiently prompt 
to prevent the development of dangerous or perhaps fatal symp- 
toms. Whilst, therefore, these substances are indicated they 
can by no means take the place of calcium. In the presence 
of severe or dangerous symptoms, chloral, morphine, and 
chloroform and magnesium sulphate hypodermatically must 
be used in sufficient amount and frequently enough repeated 
to hold the symptoms in check until calcium in full doses pro- 
duces its sedative effect. This is usually within 36 or 48 
hours. Thereafter only the calcium need be given. Further 
investigations will show whether the influence of phosphorus 
and codliver oil is similar to that of the calcium, and that 
when its administration is discontinued, the calcium in the 
serum again sinks to a low level, or whether it has a more 
fundamental effect than the calcium administration and over- 
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comes the factors that are responsible for the deficiency of 
circulating calcium. 

Our conception of tetany is that some factor, at present 
unknown, causes a reduction of the calcium content of the 
blood. When this reaches an amount roughly between 6.0 and 
7.0 mg. of calcium per 100 ¢. ce. of serum, frank evidences of 
tetany arise. This amount, however, is not the same with all 
individuals. With some it may be as low as 5.5 or 6.0, with 
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others, as high as 7.5. These symptoms occur in outbursts so 
long as the calcium remains low. When the calcium rises the 
symptoms disappear. The height to which the calcium must 
rise in order that the symptoms must disappear is also some- 
what variable. We believe that many of the symptoms are 
directly referable to the diminished calcium content of the 
blood and that they may be prevented or caused to disappear 


hy repeated doses of calcium. 
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